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In this paper we propose an emotion assimilation function of sleep and dreaming.
We offer explanations both for the mechanisms by which waking-life memories are
initially selected for processing during sleep, and for the mechanisms by which those
memories are subsequently transformed during sleep. We propose that emotions
act as a marker for information to be selectively processed during sleep, including
consolidation into long term memory structures and integration into pre-existing
memory networks; that dreaming reflects these emotion assimilation processes; and
that the associations between memory fragments activated during sleep give rise to
measureable elements of dream metaphor and hyperassociativity. The latter are a direct
reflection, and the phenomenological experience, of emotional memory assimilation
processes occurring during sleep. While many theories previously have posited a
role for emotion processing and/or emotional memory consolidation during sleep
and dreaming, sleep theories often do not take enough account of important dream
science data, yet dream research, when conducted systematically and under ideal
conditions, can greatly enhance theorizing around the functions of sleep. Similarly,
dream theories often fail to consider the implications of sleep-dependent memory
research, which can augment our understanding of dream functioning. Here, we
offer a synthesized view, taking detailed account of both sleep and dream data
and theories. We draw on extensive literature from sleep and dream experiments
and theories, including often-overlooked data from dream science which we believe
reflects sleep phenomenology, to bring together important ideas and findings from both
domains.
Keywords: sleep, dreaming, emotion, memory, hyperassociativity, metaphor
Aims of the Paper
The ways in which our emotions function (or malfunction) in waking life are greatly aﬀected
by sleep. For example, sleep beneﬁts the consolidation of emotional memories, and enables us
to regulate our emotional reactions (see Emotion-Processing Theories of Sleep). Many theories,
of both sleep functioning and of dream functioning, exist to account for the large body of
data demonstrating the importance of sleep and dreaming for waking-life emotions. However,
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often these theories suﬀer from a lack of integration: theories
of sleep do not adequately consider dream research data,
and theories of dreaming do not adequately consider
sleep research data. Though recently there has been some
evidence of a move toward a more integrative approach
(e.g., Payne, 2010; Perogamvros et al., 2013; Wamsley, 2013,
2014) sleep and dream theories tend to remain relatively
disparate. One of the potential barriers is the skepticism with
which dream reports are sometimes viewed; but recently
researchers have argued that (a) dream reports are transparent
accounts of dream experiencing (Windt, 2013), and (b)
dreams are direct reﬂections of sleep processes (e.g., Payne,
2010; Wamsley, 2013, 2014). As such we argue that greater
attention should be paid to dream research and theorizing,
as dreams can provide phenomenological accounts of sleep
processes.
On the basis of neuroscientiﬁc and behavioral data we propose
an emotion assimilation function sleep and dreaming, whereby
emotions act as a marker for the salience of a memory, thus
prioritizing its subsequent consolidation. Emotional memories
are then strengthened and assimilated into existing memory
schemas during sleep, resulting in memory transformations
such as creativity, insight, and gist extraction. An outcome of
this process may also be the amelioration of the emotional
intensity of the memory. We argue that dreams can be
seen to reﬂect these sleep-dependent mental processes. Our
proposed theory attempts to decipher explicitly both one of
the mechanisms by which a to-be-remembered item may be
selected for subsequent consolidation during sleep (emotional
intensity), and further some of the possible mechanisms
by which the items may be subsequently assimilated into
the wider memory schema, as reﬂected by dream content
(metaphor and hyperassociativity/bizarreness). We review an
extensive body of literature and evidence from the sleep and
dreaming ﬁelds to explore the eﬀects of sleep on emotional
functioning. By critiquing current theories we consider what
any new approach needs to achieve in order to ﬁt the
data across neuroscientiﬁc, behavioral, lab-based and home
dream recall domains (Desseilles et al., 2011). Our theory
is proposed as a function of sleep and dreaming, rather
than the function of sleep and dreaming: we recognize that
there are likely to be many functions of sleep and dreaming,
and that the theory likely will not account for all types of
dreaming.
In the following sections we: (1) review some emotion-
processing theories of sleep; (2) review some emotion-processing
theories of dreaming; (3) consider some arguments for
and against currently existing emotion-processing theories of
dreaming, noting in particular what the existing theories lack;
(4) outline our proposal for an emotion assimilation function of
sleep and dreaming; and (5) consider two of the mechanisms that
we believe underlie emotion assimilation: metaphor generation
and hyperassociative thinking. Finally, we suggest some ideas
for future directions and draw conclusions about our emotion
assimilation theory. Throughout we focus on data from human
rather than animal studies and consequently draw conclusions
relevant to human functioning.
Emotion-Processing Theories of Sleep
Sleep and Emotional Reactivity
Evidence abounds for the importance of sleep for emotional
functioning in waking life. For instance, studies have found
that sleep beneﬁts emotional reactivity in waking life: sleep
deprivation increases reactivity to negative stimuli (Franzen et al.,
2009), to anger and fear emotions (Gujar et al., 2010), and
indeed also to positive stimuli (Gujar et al., 2011). The latter
indicates an overall overreactivity to emotional stimuli following
sleep deprivation, suggesting a general modulating eﬀect of
sleep on emotions. A review of insomnia and emotions found
that insomnia is associated with various mood disorders (e.g.,
depression and anxiety) and heightened emotional reactivity
(Baglioni et al., 2010). Additionally there is compelling evidence
that the hormones cortisol and epinephrine contribute to the
selective processing of emotional material during sleep (Cahill
and Alkire, 2003; Payne and Nadel, 2004), with levels being
particularly heightened during REM.
Evidence such as this has led to several theories suggesting that
a function of sleep includes emotion regulation or processing.
Walker’s (2009) review concluded that REM sleep facilitates the
recall of emotional memories, whilst simultaneously reducing the
emotional impact. One particularly pertinent study found that
the hippocampus (for memory) and the amygdala (for emotion)
are both more active when participants are shown emotional
compared to neutral stimuli, but when shown the same material
months later only the hippocampus is more active (Dolcos et al.,
2005), suggesting the memory is strengthened for recall, but
emotional reactivity is weakened. Walker hypothesized that this
process occurs during sleep, and thus sleep loss results in long-
term aﬀective issues, such as chronic anxiety. Walker and van der
Helm’s (2009) ‘Sleep to remember, sleep to forget’ hypothesis adds
to this theory that if this amelioration of emotions is not achieved
on the ﬁrst night, the process will continue on subsequent nights.
Thus, the process occurs in three stages: memory consolidation,
memory integration, and emotion amelioration. Further, sleep
may prepare the individual for next-day emotional functioning,
as proposed by Goldstein and Walker (2014), whose model
focused on circadian (i.e., circa 24-h) rhythms.
However, there are also some conﬂicting results in studies
investigating the eﬀect of sleep on mood. One study found
that sleep deprivation alleviates depressive symptoms (Vogel
et al., 1975), and the same was found also in a study with
a non-depressed sample, for whom deprivation was related
to emotional adaptation to a negative stimulus (Lara-Carrasco
et al., 2009); these ﬁndings suggest that it is the lack of sleep,
rather than the presence of it, that enhances emotion regulation.
Vandekerckhove and Cluydts (2010) theory, which draws similar
conclusions to those cited above, includes also a suggestion that
can account for such disparate ﬁndings. The authors suggest
that emotional disorders such as depression may be due to an
overstimulation of sleep processes (such as greater amygdala
activation, higher amounts of REM sleep, and more negative
aﬀect in dreams), which results in an excessive emotional
response, particularly to negative stimuli. This would explain
why sleep deprivation beneﬁts depressed individuals. Although
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this does not directly explain why sleep deprivation also beneﬁts
non-depressed individuals, it may be speculated that during
the ﬁrst night following exposure to a negative stimulus, sleep
overstimulation (in response to the stimulus) may result in lack
of adaptation, and thus deprivation aids adaptation; but perhaps
on following nights the trend would be reversed as sleep adjusts
to the stimulus, and then sleep may aid further adaptation. This
is in line with Walker’s (2009) idea that the process occurs
over multiple nights until adaptation is achieved. A similar
model has been espoused in relation to dream incorporation
of negative stimuli, the Disruption-Avoidance-Adaptation model
(Wright and Koulack, 1987), which will be explored further later,
in Section “Wright and Koulack: The Disruption-Avoidence-
Adaption Model.”
Sleep and Emotional Memory Consolidation
Studies have also found that sleep is beneﬁcial for emotional
memory consolidation. For instance, recall of emotional stimuli
has been shown to be better after sleep than wakefulness (Hu
et al., 2006); this is especially true for late-night, rapid-eye-
movement- (REM-) rich sleep (Wagner et al., 2004), although
recent evidence has demonstrated the complementary roles of
both slow-wave sleep and REM (Cairney et al., 2014). Similarly,
emotionally related items are recalled more than neutral
items following sleep using a false memory task (Horton and
Knott, unpublished manuscript). Sleep also ‘unbinds’ waking-life
stimuli, selectively consolidating emotional rather than neutral
aspects of it, both over the course of a night and during a nap
(Payne et al., 2008, 2015).
On the basis of such lines of evidence as these, several
researchers have argued that sleep is integral to emotional
memory consolidation (e.g., Stickgold et al., 2001; Payne, 2010;
Wamsley and Stickgold, 2011). This theory of sleep, thought to
be reﬂected in dreams (Wamsley, 2014), is somewhat divergent
from the emotion-processing theories of sleep and dreams, in that
instead of waking-life emotional experiences being dreamt of in
order to regulate or process emotions, these memory-centered
theories focus on the integration of memories. According to
these theories the meaning of an experience is extracted, the
overall ‘gist’ of the memory rather than speciﬁc details are
consolidated for recall and use, the emotionally salient rather
than the neutral aspects of a memory are strengthened for recall
but the emotion itself is dampened, and the memory is ‘unbound’
to enable memories to be reorganized in novel and creative ways,
which facilitates creative thinking during wakefulness. Thus,
it is a theory of the assimilation and reordering of emotional
experiences, rather than the regulation or processing per se; but
assimilation includes the dampening of emotions as a natural
corollary of the process, and indeed perhaps is one (of many) of
the functions of the process.
Stickgold and Walker (2013), in their ‘triage’ theory argue
that it is now “incontrovertible” (p. 139) that a sleep-dependent
memory consolidation process exists; but what remains to be
discovered is how we decide which memories are selected
for consolidation during sleep. They postulate that stimuli are
reviewed at the point of encoding, and ‘tagged’ if deemed
suﬃciently salient and relevant for future use. Three ways
in which such information may be tagged are suggested: the
emotional intensity of the experience, the future relevance of
the experience (e.g., knowing that the information will be useful
for a reward or a test later), and the deliberate intention to
retain the information. Once the item has been selected for
consolidation, two main processes then occur: item integration,
in which newly learnt memories are assimilated into pre-existing
memory schemas, and multi-item generalization, in which new
items are combined into a new schema. We re-visit these ideas in
relation to emotional processing in Section “Emotion-Processing
Theories of Dreaming” shortly in light of evidence from dream
science.
Mapping Sleep onto Dreams
Sleep is the primary concern of the evidence and theories
discussed so far. However, some researchers do reference dream
research, with some even mapping emotion-processing theories
of sleep onto theories of dreaming (e.g., Walker, 2009; Walker
and van der Helm, 2009; Desseilles et al., 2011). However, such
speculations often rest on an idea of REM sleep speciﬁcally
being related to dreaming, since it is usually REM sleep that
is implicated; or at least, REM sleep being related to a type of
dreaming that is highly emotional, as well as vivid, imagistic,
bizarre, complex, and so on (e.g., van der Helm and Walker,
2012). But as many researchers have shown (e.g., Solms, 2000;
Domhoﬀ, 2003), REM sleep and dreaming are doubly dissociable,
and NREM dreams can take on the typical properties of REM
dreams, especially later in the night (Wamsley et al., 2007; Nir and
Tononi, 2010; Payne, 2010). Thus, emotion-processing theories
of dreaming must look at dream research speciﬁcally, rather
than extrapolating from REM sleep to dreams (see also Desseilles
et al., 2011, for a review of the relationships between brain
processes, sleep and dreaming). In the next section we outline
some emotion-processing theories that are primarily based on
dream research.
Emotion-Processing Theories of
Dreaming
Hartmann: Dreams “Calm the Storm”
One of the best known theories of emotion-processing in
dreaming is that of Hartmann (1996a, 1998, 1999a,b, 2011), who
drew conclusions about emotion-processing during dreaming
from his work with victims of trauma. He argued that dreams
picture waking-life emotions, and that this can be perceived
particularly well in nightmares: for example, feelings of terror,
vulnerability, or guilt might be pictured in what he termed
‘explanatory metaphors’ in dreams, such as being engulfed
by a tidal wave. He suggested that this picturing of waking-
life emotions in dreams enables the emotional memory to be
connected to other related memories already stored in the
dreamer’s mind, in order to reduce the emotional intensity
and distress caused by the experience by comparing it to
other experiences (“calm the storm”); and second, to prepare
the dreamer for any future experiences that might occur. His
theory recalls an earlier stress-mastery theory of dreams (Breger,
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1967), in which it was suggested that we dream of our stressful
waking-life experiences in such a way that the experience is
“symbolically blended” (p. 24) with past memories, which enables
the eventual mastery of the experience; and both of these
earlier dream theories are strikingly similar to Walker and van
der Helm’s (2009), discussed in Section “Sleep and Emotional
Reactivity.” In all three accounts, at least one of the functions of
sleep/dreaming is proposed to be the reduction of the emotional
intensity of waking-life experiences.
Levin and Nielsen: The AMPHAC/AND Model
A similar proposal has been made by Levin and Nielsen
(2007, 2009), Nielsen and Lara-Carrasco (2007), Levin et al.
(2010), but with the emphasis on the reduction of fear
emotions speciﬁcally, in their AMPHAC/ANDmodel. According
to the model, the dreaming process works in three stages:
memory-element activation, in which memory elements (as
opposed to intact memories) are activated; memory-element
recombination, in which memory-elements are re-organized into
a narrative; and emotional expression, which is often fear. As
in Hartmann’s and Breger’s theories in the previous section,
there is the suggestion that the new (emotional) memories are
compared with other memories in order to recombine them
into something new. In the AMPHAC/AND model, this is the
reason for dream bizarreness: the recombination of memory-
elements makes dreams bizarre, because it incorporates disparate
elements of memory and blends them together. The authors
further suggest that when the process dysfunctions, disturbed
dreaming (nightmares and bad dreams) occur, and it can also
fail when the memory-elements are not recombined in novel
ways but in ways that have already been experienced, which
leads to recurrent dreaming. They further note that current
situation and individual diﬀerences aﬀect how well this process
can function; nightmares are more likely when the individual
experiences greater ‘aﬀect load’ (amount of stressful/emotional
experiences) and ‘aﬀect distress’ (the predisposition toward such
experiences being problematic), which vary as a product of
situation and personality. These important ideas will be explored
later.
Revonsuo: The Threat Simulation Theory of
Dreaming
Another theory that proposes, like Hartmann, that dreaming
prepares the dreamer for future experiences is Revonsuo (2000),
Valli et al. (2005) Threat Simulation Theory (TST) of dreaming.
This is an evolutionary explanation of dreaming, supported by
a large amount of data concerning nightmares, the prevalence
of fear in dreams, and the repetitive nature of some dream
acts. The TST proposes that dreaming provides an opportunity
to rehearse possible outcomes that may be useful to survival
during wakefulness. One of the central propositions of the TST
is that dreams are not an accurate reﬂection of waking reality,
but rather are biased toward threatening experiences. Whilst
the disproportionately high presence of negative emotions have
been demonstrated in a large sample of dreams (Hall and Van
de Castle, 1966), systematically sampled and self-rated dream
reports indicate that emotions in dreams are more varied and
balanced (Schredl and Doll, 1998; Sikka et al., 2014); however, the
TST may still apply to the subset of dreams that represent threat
and fear emotions.
Cartwright: The Emotion Regulation Function
of Dreaming
Cartwright (2011), on the basis of her extensive work with
divorced individuals (e.g., Cartwright et al., 1984, 2001, 2006;
Cartwright, 1991), also proposed an emotion-regulation function
of dreaming. She proposed that if we experience negative waking-
life experiences and dream of those experiences in speciﬁc
ways, such as with negative emotions and with time variance
(dreams set in the past, present, and future), then we are more
likely to show improvement on coping with those experiences
than if we do not dream of them or dream of them in the
wrong way, such as with neutral emotions or without time
variance (dreams set exclusively in the past). Similarly, studies
with alcoholics have indicated that dreaming of alcoholism,
particularly in negative tones, is related to recovery (Choi,
1973; Kibira, 1995; Parker and Alford, 2010). Although Lara-
Carrasco et al.’s (2009) study (see Sleep and Emotional Reactivity)
suggested a link between lack of emotional adaptation and the
appearance of negative emotions in dreams, it may be that
this diﬀerence occurred because of the diﬀerent methodologies:
Cartwright’s studies measured naturalistic stimuli over long time
periods, whereas Lara-Carrasco et al. (2009) used a stimulus-
manipulation paradigm over a single night. It may be that the
emotion-regulation function is only eﬀective for naturalistic,
salient, and/or long-lasting waking-life experiences such as
divorce. This is in line with Walker’s (2009) assertion that
emotion amelioration may not be achieved on the ﬁrst night
but may require several nights of processing: it may be that
incorporation initially has detrimental eﬀects on adaptation,
but, longer-term, incorporation is beneﬁcial. This is what
is proposed by the next model by Wright and Koulack
(1987).
Wright and Koulack: The
Disruption-Avoidance-Adaptation Model
Wright and Koulack’s (1987) model was designed to account
for apparently contradictory ﬁndings relating to dream
incorporation of emotional waking-life experiences and
adaptation to those experiences. In the Disruption-Avoidance-
Adaptationmodel, it is suggested that incorporation (disruption),
non-incorporation (avoidance), and ﬁnally adaptation are all
points along a dream adaptation continuum. First, a stressor
is experienced in waking life, and this disrupts sleep and so
is incorporated into a dream. This is not necessarily adaptive,
in line with the ﬁndings that incorporation on the ﬁrst night
after exposure to a negative stimulus is related to maladaptation
(Lara-Carrasco et al., 2009), but is a point along a continuum that
may eventually lead to adaptation. Secondly, the dream avoids
that material or complements it in some way, for the purposes of
re-ﬁnding emotional homeostasis. Disruption/incorporation and
avoidance/non-incorporation may then oscillate for as long as
necessary until the material is mastered. This last point puts the
model on similar ground to theories noted earlier that suggest
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the process is long term and iterative. It may be that this model
is related to the ﬁndings regarding the ‘dream-lag eﬀect,’ which
shows that waking-life experiences – particularly personally
signiﬁcant ones – are incorporated into dreams on the ﬁrst night
after having been experienced, and then again around 5–7 days
later, and the second time they appear they are more abstract
(Nielsen and Powell, 1992; Blagrove et al., 2011b; van Rijn
et al., 2015). These periods of incorporation, non-incorporation,
and re-incorporation with more abstraction may reﬂect the
disruption-avoidance-adaptation process postulated by Wright
and Koulack (1987) and – potentially – the processes of memory
stabilization, elaboration and consolidation as proposed by
Walker (2005). Wright and Koulack (1987) further note that
this process only occurs for stressors that are potent enough
not to be able to be dealt with by the waking brain alone;
benign stressors may be mastered during wakefulness and so
do not need incorporation into dreams for mastery to occur
there.
Convergences between the Theories
There are some clear similarities between the theories,
both of sleep and of dreaming: emotion-processing during
sleep/dreaming is a long-term, iterative process involving both
incorporation and non-incorporation of emotional material,
and the process involves the stages of memory activation
during sleep and dreaming, recombination of those memories
(associatively with other memories and with imagination), and
ﬁnally emotional adaptation. In the next section we consider
a number of arguments in favor of and against the emotion-
processing theories outlined here. The arguments in favor of
the theories that come from sleep research have been noted in
Section “Emotion-Processing Theories of Sleep” and will not be
repeated here.
Arguments for and Against
Emotion-Processing Theories
Arguments for Emotion-Processing Theories
of Dreaming
We Preferentially Dream of Emotional Waking-Life
Experiences
As a starting point, it is necessary for any emotion-processing
theory of dreaming to show that we preferentially dream of our
emotional waking-life experiences over neutral experiences, since
if we dream of emotional and neutral waking-life experiences
equally it would be more diﬃcult to argue that dreams serve
a speciﬁc emotion-processing function. Several studies have
demonstrated the tendency for dreams to reﬂect emotional
experiences from waking life (Schredl, 2006; Horton et al.,
2011; Horton, 2012; Malinowski and Horton, 2014a), and
a wealth of content analysis studies indicate that dreams
generally reﬂect waking-life concerns (e.g., Domhoﬀ, 2003).
Whilst this could be accounted for by a recall bias, systematically
sampled dream reports still show this trend (Schredl and Doll,
1998). Moreover, waking-life experiences that are incorporated
into dreams are more emotional than those that are not
incorporated (Schredl, 2006; Malinowski and Horton, 2014a).
Thus, it can be said quite conclusively that waking-life
emotions tend to be incorporated into dreams, and with
more frequency than waking-life experiences that are less
emotional.
Emotional Intensity is a Marker for Recall
Since we know that dreams preferentially incorporate emotional
experiences, it then follows to query what purpose emotionality
may serve. It is known that emotion is important for memory
recall: for example, memories that are emotional are even
easier to recall than memories that have been speciﬁcally
attempted to be remembered (Heuer and Reisberg, 1990).
Similarly, emotional memories (regardless of valence) are
recalled better than neutral ones (although there are diﬀerential
eﬀects for negative and positive emotions: Kensinger, 2009).
Walker (2009) notes that emotional memories are retained,
though the emotion itself is reduced over time. The reason
for this may be that it is useful to have an emotional reaction
to a stimulus initially in order to gage which experiences
should be recalled and which forgotten, but not to retain
those emotional reactions alongside the memory. That is,
emotions are a useful signiﬁer for tagging memories to be
remembered – for example, to avoid negative experiences
and repeat positive ones – but it would be detrimental to
keep experiencing the emotions each time the memory
is activated. Thus, emotional reactions to experiences are
an instant, automatic way of alerting ourselves to the
importance of those experiences. This aligns with Stickgold
and Walker’s (2013) triage theory, in which they suggest
that salient information is ‘tagged’ for consolidation by
emotional arousal, future relevance, and/or deliberate
intention.
Further evidence for this claim comes from the Fading Aﬀect
Bias (FAB; Walker and Skowronski, 2009; Ritchie et al., 2014),
whereby the negative emotional tone of an autobiographical
memory fades faster over time than the positive emotion.
This has been evidenced to as quickly as 12 h following the
original experience (Gibbons et al., 2011), possibly emerging
following a period of sleep. The FAB has been proposed
to reﬂect positive coping, overcoming past experiences, and
recalling events in line with the current conceptions of the self.
In addition, as we outline later, the heightened emotionality
associated with a memory may signify its importance and need
for consolidation, for ease of subsequent retrieval, with the
emotionality being ameliorated once that purpose has been
achieved. The FAB has been shown to occur in memories for
dreams (Ritchie and Skowronski, 2008), although it remains to
be seen whether dreaming, or sleep, actively contributes to the
eﬀect.
Dreaming of Emotional Waking-Life Experiences is
Related to Subsequent Adaptation
Next, any emotion-processing theory of dreams needs to be
able to demonstrate that dreaming of emotional waking-life
experiences results in improved adaptation to them compared to
non-incorporation. This has been demonstrated in Cartwright’s
laboratory as discussed in Section “Cartwright: The Emotion
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Regulation Function of Dreaming.” She has also studied levels
of depression in non-depressed students pre-sleep and post-
sleep, and linked this with dream content (Cartwright et al.,
1998). Students with moderate scores on the Proﬁle of Mood
State (POMS) scale for depression had three time as many
negative dreams at the start of the night than toward the end
and exhibited a signiﬁcant reduction in depression scores from
night to morning, whereas students with low scores had equal
numbers of positive and negative dreams and no alteration in
scores from night to morning. This accords with her ﬁnding that
among depressed divorcees, participants who had more negative
dreams at the beginning and fewer at the end were more likely to
have been in remission at follow-up 1 year later than those who
hadmore negative dreams and the end and fewer at the beginning
of the night. Thus, in addition to the studies discussed earlier,
it has been shown that progressive dreaming across the night
(negative to positive) is related to improved mood, both short-
term and long-term, in both a depressed and a non-depressed
sample.
Summary of the Evidence for Emotion-Processing
Theories of Dreams
Thus these pieces of evidence show that: (1) dreams preferentially
incorporate emotional experiences; (2) emotional experiences
are more likely to be recalled than neutral ones; (3) sleep may
facilitate the amelioration of emotional experiences; and (4) there
is a relationship between incorporating emotional experiences in
dreams and adapting to those experiences. Taken together, they
provide evidence for emotion-processing theories of sleep and
dreaming, illustrating that emotionality likely ‘tags’ a memory
for recall, and thus such memories appear later in dreams,
perhaps for the function of ameliorating and/or adapting to those
experiences.
Arguments Against the Emotion-Processing
Theories
The Evidence is Correlational, Not Experimental
It has been argued that since Cartwright’s studies were correlation
rather than experimental (the stimuli were not manipulated),
causality cannot be inferred (Blagrove, 1992, 2011): it might
be that, rather than speciﬁc dreams resulting in coping ability,
coping ability may lead to speciﬁc dreams. For example, well-
adapted divorcees might be capable of accepting the negativity
of their situation and thus dream negatively, whereas divorcees
who do not adapt well may be stuck in the past happiness of their
marriage and thus have dreams that are set in the past. Thus, the
dreams may more simply be a carry-over of waking-life coping
mechanisms rather than a coping mechanism outside of wakeful
cognition.
More generally, any relationship between emotional
processing and dreaming of emotional material needs to
be subject to systematic comparisons of dreaming versus
not-dreaming. Some theories of dreaming, such as the TST,
Hartmann’s “calm the storm” and Cartwright’s “emotion
regulation function” theories, emphasize the role of dreaming, as
opposed to sleep per se, in the processing of emotions. Whilst the
other theories use dreams to evidence the processing of emotion
during sleep, they typically do not assume that dreaming is
anything more than a reﬂection of oﬄine processing during
sleep. At present the methods for sampling dreams both in
and out of the laboratory are not yet sophisticated enough
to make such a distinction between sleep with dreaming and
sleep without dreaming, with dream recall being the only
means by which researchers can ﬁnd evidence of having dreamt
(Kahan and Horton, 2012). As such, until eﬀects of dreaming
can be experimentally manipulated, we must draw tentative
conclusions about any function of dreaming as distinct from
a function of having slept. However, some studies have begun
to develop methods for matching improvements in speciﬁc
autobiographical memories with dreams of those precise
experiences, noting that emotional experiences are more likely to
feature in dreams than neutral ones and that those experiences
are preferentially recalled more accurately 2 weeks later (Horton,
2012).
Dream Theories Focus on Different Levels of Inquiry
to Sleep Theories
Following on from this view, any theory of emotion processing
needs to be able to account for the behavioral (as well as
the neuroscientiﬁc) proﬁle of emotion processing in sleep (as
summarized in Section “Emotion-Processing Theories of Sleep”),
as well as in dreaming. At present the theories of emotional
processing in dreams can, in part, explain the preferential
processing of emotional memory (compared to emotionally
neutral memories), but they cannot be mapped onto the
trends concerning the preferential consolidation of emotional
memory following sleep (aside from Horton, 2012, as noted
above). Wamsley’s work exploring the experience of dreaming
alongside memory processing in sleep (Wamsley et al., 2010;
Wamsley, 2014) has been exemplary in attempting to link
these domains, though vast methodological improvements are
required before conclusions can be conﬁdently drawn concerning
the speciﬁc role of dreaming in emotional processing during
sleep.
Valence does not Influence Incorporation
The theories of emotion-processing in Section “Emotion-
Processing Theories of Dreaming” focus speciﬁcally on negative
emotions: Cartwright’s (2011) theory came from work with
individuals going through divorce, Hartmann’s (1996a) theory
was developed from work with trauma victims, Levin and
Nielsen (2007, 2009) focus speciﬁcally on fear extinction, and
Wright and Koulack (1987) on stressful experiences. Thus,
these accounts of dream functioning would suggest that dreams
particularly incorporate particularly negatively emotional, and/or
stressful waking-life experiences. However, this is not the case.
Whilst there is an array of literature concerning negative
emotions in dreams, the evidence from dream science suggests
that experiences typically incorporated into dreams are more
emotionally intense than those that are not incorporated, but
are not speciﬁcally negatively valenced (Schredl and Doll, 1998;
Schredl, 2006; Horton et al., 2011; Malinowski and Horton,
2014a). Some studies indicate that there is a ‘negativity bias’ in
dreams – the tendency for dreams to be more negatively than
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positively valenced (Hall and Van de Castle, 1966; Snyder, 1970;
Nielsen et al., 1991; Domhoﬀ, 1996) – but others have found
a balance between positive and negative emotions in dreams
(Strauch and Meier, 1996; Kahn and Hobson, 2002; St-Onge
et al., 2005). Furthermore, studies that have compared external
ratings of emotions to participants’ self-ratings of emotions ﬁnd
that external raters overestimate negative emotions in dreams
compared to what the dreamers themselves perceive in the
dreams (Schredl and Doll, 1998; Sikka et al., 2014), indicating
that it is the method that produces the negativity bias. In other
studies, the top self-reported emotion has been some form of
joy, elation, or excitement (Howe and Blick, 1983; Fosse et al.,
2001).
In a similar vein, as reported in Section “Emotion-Processing
Theories of Sleep,” sleep deprivation aﬀects not only negative
waking-life emotional reactivity, but positive reactivity too
(Gujar et al., 2011); the authors proposed that sleep loss not
only has detrimental eﬀects on the processing of negative
stimuli, but has bi-directional eﬀects on emotions. Thus,
following this line of evidence, it may be that rather than just
enabling adaptation to negative stimuli, sleep more generally
facilitates lower levels of reactivity to emotional stimuli.
Similarly Carr and Nielsen (2015) have recently found that
participants scored higher on a primed associational breadth
task following REM but not NREM sleep nor a period of
wakefulness, and, moreover, the eﬀect was stronger for positive
over negative stimuli, again demonstrating that positively
valenced experiences need to be taken into consideration when
considering the function of sleep or dreaming on waking life
emotions.
Taking the discussion back to dreams, it may be said then
that incorporating emotional experiences into dreams is either
a reﬂection of or is itself instrumental in this process, through
the assimilation of emotional experiences into the memory
system (though the latter view is particularly challenging to
evidence). The detrimental eﬀects of sleep loss and/or lack of
dream incorporation of emotional stimuli may be more obvious,
more pronounced, and/or of more clinical relevance for negative
stimuli, but the evidence for positive emotions necessitates a
consideration not only of adaptation to negative experiences, but
also a more general discussion of assimilation and amelioration
of all emotional experiences in sleep and dreams. This is what
has been achieved in sleep research theories (see Emotion-
Processing Theories of Sleep), whereby both positive and negative
emotions are accounted for: dream research theories would thus
also beneﬁt from a consideration of such data and theories as
these.
Emotions vs. Stress
Just as there is a lack of evidence for negatively emotional waking-
life experiences being preferentially incorporated into dreams
over positive ones, so there is a lack of evidence for stressful
experiences over non-stressful ones, whereby stressfulness is
conceived of as a speciﬁcally negative and aversive longer-term
response state (Kasl, 1995), as opposed to emotion which can
be negative or positive and which is typically shorter-lived.
Furthermore an emotion may elicit an associated subjective
feeling, and one such recognized feeling is that of stress.
This lack of evidence argues further against some of the
dream theories, which speciﬁcally discuss stressful waking-
life experiences (Breger, 1967; Wright and Koulack, 1987).
While there is some evidence that particularly unusual stressful
experiences such as trauma are dreamt of (see Barrett, 1996;
Punamäki, 2007, for reviews), studies that have measured the
eﬀect of more usual stressful experiences on dreams have
not found the same pattern. Malinowski and Horton (2014a)
measured the emotionality and stressfulness of waking-life
experiences separately, and found that experiences that were
incorporated into dreams were more emotional, but no more
stressful, than those that were not incorporated. Similarly,
Delorme et al. (2002) found no eﬀect of examinations on the
dreams of students, whether the dreams were measured for direct
eﬀect or indirect eﬀect (such as levels of stress or threat emotions
in dreams), even though wakeful stress was higher during the
examination period than a control period, demonstrating again
that stressful experiences do not necessary result in dream
incorporation.
Wright and Koulack’s (1987) model could argue that
examinations are relatively benign and can be adapted to during
wakefulness, and so can account for this discrepancy. Indeed,
some of the other results in Delorme et al. (2002) support
this theory. When looking at students’ coping mechanisms for
the examination period, students who used problem-solving in
waking life did not have incorporations of the examinations,
whereas using positive reappraisal in waking life – making the
problem seem less distressing without solving it – correlated with
problem-solving in dreams. The inference is that incorporation of
a relatively non-stressful experience becomes necessary if it is not
adequately dealt with in waking life. Thus, in this view, it is not
merely the level of stress intensity that determines whether or not
a stressor needs to be incorporated into dreaming in order to be
processed, but also ability to cope with the stressor, highlighting
a role for individual diﬀerences. This will be explored further in
the following section.
Individual Differences
For some individuals, dreaming of negative waking-life
experiences may actually have the opposite eﬀect to mastering
that material, in that it may result in an increase in distress,
rather than a decrease. This is in line with Levin and Nielsen’s
(2007, 2009) assertion that ‘aﬀect distress’ (the predisposition
to be distressed by diﬃcult experiences) mediates whether
the dreaming process is to function or dysfunction (become a
nightmare or bad dream). Though Levin and Nielsen do account
for this factor, many theories do not. Research has shown that
nightmare distress (the amount of distress an individual feels
about having a nightmare) is more strongly related to well-being
than nightmare frequency (Belicki, 1992; Blagrove et al., 2004).
Thus, for some individuals, having highly emotional experiences
leads to dreaming of the experience – and they may also be
predisposed toward such dreams becoming nightmares – and
those dreams/nightmares in turn result in more waking-life
distress. We have found individual diﬀerences that support
this contention: individuals who score highly on neuroticism,
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indicating trait emotional lability, also score highly on a scale that
measures how often their waking-life emotions aﬀect their dream
emotions and vice versa (Malinowski and Horton, unpublished
manuscript).
Waking-life stress has also been shown to relate to
experiencing recurrent dreams: active recurrent-dreamers (but
not past- or non-recurrent dreamers) had more recurrent dreams
in a period leading up to examinations than after (Duke
and Davidson, 2002). If recurrent dreams are a malfunction
of the ‘normal’ assimilation process of dreaming whereby
dream material stagnates and repeats rather than progressing
and processing (as suggested by Levin and Nielsen, 2009),
then this would indicate that for some individuals waking-
life stress results in a malfunction of the dream process
(i.e., an increase in recurrent dreams). Being an active-
recurrent dreamer has also been shown to be related to a
host of waking-life issues summarily described as low levels
of ‘psychological well-being,’ a measure that includes levels of
waking-life depression, stress, and anxiety (Brown and Donderi,
1986). This research strengthens the argument that individual
diﬀerences must be taken into account in considering dream
function.
Individual diﬀerences may also account for Cartwright’s
ﬁndings: individuals who were predisposed toward coping with
their divorce are more likely to have certain types of dreams (such
as with time variance), while those predisposed toward failing to
cope are more likely to have other types (such as stuck in the
past). Indeed, earlier research found that participants who were
high in ‘neuroticism’ had more dreams set in the past than in the
present (Cohen and Cox, 1975). So it may be that predispositions
determine what kind of dream a person will have, rather than the
dream determining a person’s ability to adapt.
Situational Differences
In addition to individual diﬀerences, situational diﬀerences aﬀect
whether incorporation of highly emotional experiences occurs,
or whether non-incorporation follows, and the extent to which
this relates to adaptation. In Levin and Nielsen’s (2007, 2009)
model this is called aﬀect load (amount of stressful or emotional
experiences an individual is experiencing). For example, though
some evidence such as Cartwright’s indicated a potentially
beneﬁcial role for incorporation, Lavie and Kaminer (1996),
who worked with victims of trauma, found that adaptation
was not related to dream incorporation of the trauma but
to repression of it (and an overall repressive coping style).
Thus it may be that higher levels of stress require a repressive
coping style, which includes dream repression, whereas lower
levels of stress may be better served by focusing on the
experiences and mastering them, and therefore includes dream
incorporation. This would suggest a modiﬁcation to Wright
and Koulack to the eﬀect that in addition to benign stressors
resulting in non-incorporation and potent stressors resulting in
incorporation, extreme potent stressors may also result in non-
incorporation: which in this case is synonymous with repression.
As Walker (2009) notes, post-traumatic stress disorder (PTSD)
may constitute a malfunction of the decoupling of memory and
emotion process; in which case, repression may be the only
viable coping mechanism. Punamäki (2007) notes that dream
recall may either increase or decrease after traumatic experiences,
perhaps again illustrating that diﬀerent methods of coping may
be used by diﬀerent people according to the situation and
individual.
Similarly, studies have shown that the content of traumatic
dreams varies depending on the type of trauma experienced and
the stage of recovery. Regarding the type of trauma experienced, it
has been found that traumatized individuals with direct military
experience of war havemore direct, unambiguous, and replicative
dreams of their experiences, while traumatized civilians have
more indirect, ‘symbolic,’ and non-replicative incorporations
(Schreuder et al., 1998, 2000). Thus, stressors of all levels of
intensity may lead to incorporation but those with lower levels
may be harder to detect because they are symbolic. Regarding
the stage of recovery, Hartmann (1996b), Wilmer (1996), both
working with Vietnam veterans, found that there were three types
of traumatic dreams experienced by these individuals: apparently
veridical replays of war experiences; variable nightmares that
pictured plausible scenarios that did not actually occur; and
hallucinatory nightmares that were like ‘ordinary’ nightmares,
including material from the previous day. These three types of
nightmares were believed to be sequential and indicated stage
of recovery: as the trauma of war was adapted to, the dreams
become less veridical and more like ordinary dreams (that is,
bizarre and symbolic). These studies again show that dream
incorporation of, and adaptation to, highly stressful experiences
is dependent on various factors, including type of stress and stage
of recovery. Hartmann’s and Wilmer’s suggestion that dreams
are repetitive but become more bizarre as recovery is made
may be empirical evidence for the aforementioned assertion
of many of the theories that the process is long-term and
iterative.
While many of the emotion-processing theories suggest, with
Walker (2009), that PTSD dreaming is a malfunction of the
‘normal’ dreaming process (such as Hartmann, 1996b) and
account for the change in dreams and adaptation to the trauma
by postulating the dreamwork as a long-term, iterative process,
they do not attempt to explain what it is that has malfunctioned:
why dreams become repetitive and literal, and therefore unable to
serve their emotional memory-assimilation process. We address
this issue in Section “The Emotion Assimilation Theory of Sleep
and Dreaming,” where we suggest that PTSD dreams are a
malfunction of the ‘normal’ dreaming process due to the stunting
of imagination, which is the driving force of the quality of dreams
(such as bizarre, hyperassociative, andmetaphorical) required for
‘normal’ dreaming, which involves the assimilation of emotional
memories.
Taken together, the existing theories of emotion processing
in both sleep and dreaming share the view that emotion acts
as a marker of the importance of an experience, signifying the
need for further processing. The reasons for such processing
and the mechanisms underlying it have been disputed. We
next attempt to synthesize the evidence from both the sleep-
and dream-processing ﬁelds, in proposing a new theory of
emotional memory assimilation during sleep, as evidenced by
dream phenomenology.
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The Emotion Assimilation Theory of
Sleep and Dreaming
In line with sleep and memory researchers (e.g., Payne, 2010;
Wamsley and Stickgold, 2011), we propose that emotional
waking-life memories are preferentially activated during sleep,
thus appearing in dreams, in order to assimilate these memories
into the wider memory system. This serves several purposes: (i)
consolidation, which is the strengthening and stabilization of the
memory (with emotional memories preferentially selected); (ii)
assimilation into the memory system, which is the integration
of new memories with past memories, expectations for the
future, and imagination; (iii) the creation of abstractions
and generalizations from the memory; (iv) the generation of
creativity, insight, novel ideas, and also problem-solving; and (v)
emotion amelioration.
The process diﬀers depending on the type of situation, the
stage in which the process is in, and according to individual
diﬀerences. Adaptation is something thatmay occur as a product
of incorporation and assimilation, but this will vary depending
on trait diﬀerences, the type of waking-life experience, the
intensity of the associated emotionality, the wider situation the
individual is currently in, their history, the content of the dream,
and probably many other factors. Thus, though some kinds of
incorporation have been shown to relate to adaptation, in some
individuals such as those who score highly on the personality
trait ‘neuroticism,’ incorporation may lead to further emotional
unbalance rather than adaptation such that waking-life emotions
aﬀect dream emotions and dream emotions in turn aﬀect waking
mood. Similarly in some circumstances, such as trauma, extreme
emotions can result in non-incorporation (repression), which is,
in this situation, necessary for coping. Additionally incorporation
may only relate to adaptation when dream content contains
speciﬁc properties, such as time variance instead of being set in
the past.
We propose that the process of assimilating emotional
waking-life experiences during sleep and dreaming into pre-
existing networks and schemas requires imaginational abilities:
for sleep and dreaming to achieve this function, individuals
must be able to conjure experiences appearing in dreams during
sleep in speciﬁc ways, as will be explained in the next section.
In the immediate term, information that has been encountered
during the day needs to be assessed in terms of its importance
and potential future use. The vast amount of stimuli perceived
and experienced renders this process somewhat arduous, so
emotional information and experiences are ﬁrst and foremost
processed. These emotional experiences are activated during
sleep, giving rise to a predictable pattern of dream behaviors.
Over time, the emotional stimuli are re-activated in slightly
diﬀerent contexts, as part of the assimilation process. This means
that they are better remembered in the short term, the associated
emotional intensity is reduced over time during assimilation, and
the salient information from the experience is embedded into
stable networks for eﬀective and rapid retrieval when needed.
For this to happen, information, and experiences need
to be activated repeatedly and in a range of manifestations
(Lewis and Durrant, 2011; Horton and Malinowski, 2015).
We outline the methods by which this occurs, via dreaming,
for emotional material in particular. The clearest way of
perceiving how this functions in healthy individuals is to look
to the malfunction of the ‘normal’ process: that is, to look at
dreams following traumatic experiences. This follows Hartmann’s
(1999b) argument that the nightmare is the best type of dream
to look at when contemplating dream functioning. As discussed
earlier, PTSD dreaming involves the literal replaying of the
traumatic experience(s) during sleep, and the literalness of
the replaying decreases as adaptation increases. Concomitantly
the bizarreness and symbolism, and the associativity with
other waking-life experiences, increase also. Underlying these
abilities to create bizarre scenarios and metaphors and to make
associations between disparate memories is the ability to imagine
and to create novel thoughts, and this is the crux of the process.
When a person experiences a trauma, their ability to imagine is
stunted: not only are PSTD dreams literal rather than bizarre and
symbolic, but waking-life imaginational abilities are diminished
as well, such as the appearance of more general, and less
speciﬁc, autobiographical memories (Moore and Zoellner, 2007),
including when for when imagining the future (Brown et al.,
2012). Furthermore, therapeutic treatments that aim to kick-
start imaginational abilities such as Image Rehearsal Therapy
(e.g., Krakow et al., 2001) and Focusing-Oriented Dreamwork
(Ellis, 2013, 2014) have been shown to reduce PSTD nightmare
occurrence and PTSD symptoms.
The more usual (non-clinical) types of repetitively dreaming
of the same concern – recurrent dreams and repetitive dream
themes – indicate a similar but less heightened malfunction of the
‘normal’ dreaming process; i.e., the experience is not adequately
assimilated into the memory system and so is activated over and
over again until assimilation is achieved (e.g., Domhoﬀ, 1993;
Zadra, 1996; Hartmann, 1998). This is the view also of Levin
and Nielsen (2007, 2009) who argue that recurrent dreams are
an example of disturbed dreaming, and are a malfunction of
the healthy dreaming process. PTSD nightmares and recurrent
dreams are variously perceived by researchers either to be an
extreme version of normal dreaming (e.g., Domhoﬀ, 1993), or
a failure of the normal dream process (e.g., Hartmann, 1998;
Levin andNielsen, 2007, 2009); however, if the trajectory of PTSD
dreams is considered, it can be seen that both of these positions
are possible: initially the PTSD dream is a malfunction of the
normal dream process in that it repetitively fails to be assimilated,
but as the trauma is adapted to the dreams change to become
more like ‘normal’ dreaming, and so in this sense can be seen
as being at the extreme end of the spectrum of dreaming, and
that end-of-the-spectrum is synonymous with a failure of the
process.
The imagination abilities that are required for ‘normal’
dreaming and which are greatly reduced following trauma,
include (but likely are not limited to) the ability to generate
metaphors, and the ability to make wide associations between
disparate memories (hyperassociativity), which, during sleep
and dreaming, are lived, immersive experiences engaging the
whole body. These two aspects of imagination are evidenced in
dreaming, and, moreover, there is evidence that these kinds of
thinking during sleep are associated with the type of creative
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thinking required to problem-solve and adapt to experiences. In
the following section we consider each of these imaginational
abilities in turn.
Metaphors
Metaphors (“statements of non-literal reality”: Tourangeau and
Rips (1991, p. 453) for waking life in dreams are often
acknowledged to exist but rarely studied in dream science
owing to the extreme methodological diﬃculties in broaching
the subject (e.g., Bulkeley and Kahan, 2008). Nevertheless, many
of the world’s leading researchers historically and currently
subscribe to the notion that dreams can be metaphors for
waking life, picturing waking-life experiences and emotions in
non-literal, ﬁgurative ways (e.g., Jung, 1948a,b; Lakoﬀ, 1993;
Hartmann, 1996a; Domhoﬀ, 2003). Some common agreements
between researchers exist, including: dream metaphors picture
abstract concepts in concrete terms; these metaphors are
specialized to the dreamer and thus to understand the metaphor
it is necessary to elicit the input of the dreamer; and emotions
guide the metaphorical imagery of the dream (e.g., Freud, 1900;
Jung, 1948a; Hall, 1953; Lakoﬀ, 1993; Hartmann, 1996a, 1999a,b;
Kunzendorf, 2007).
Evidence of Dream Metaphors
To take an example from research, in an interview study we
discussed with participants many aspects of dreams that were
metaphors for their waking life, such as one participant’s dream
of the ‘Starship Enterprise’ taking oﬀ from Earth representing her
new entrepreneurial career ‘taking oﬀ,’ and another participant
who dreamt of a demon being released as representing the release
of his own ‘inner demon’ (Malinowski et al., 2014). These dreams
conformed to the three agreed elements of dream metaphors
above: they concretely pictured something abstract from waking
life; they were about emotional aspects of their life; and it was
necessary to talk in detail with the dreamer about what was going
on currently in their life in order to understand the metaphor.
Among some other of the more convincing dream metaphor
anecdotes in dream research are dreams that clearly ﬁguratively
reference some waking-life intrusion during sleep, such as the
snake coiling round a participant’s leg in their dream while a
pressure cuﬀ was being inﬂated around their leg (Nielsen et al.,
1993), and the participant who dreamt of a bee making a nest
in her hair while she slept with EEG electrodes stuck in her hair
(Strauch and Meier, 1996).
In addition to these, studies that make use of inductive
qualitative methods and follow these up with quantitative
methods (blind content analysis) can demonstrate metaphors
in dreams. Bulkeley and Bulkeley (2005) noticed that among a
group of individuals diagnosed with terminal illnesses dream
content often referred to a journey, which the authors inferred
was a metaphorical representation of the journey toward death.
Some years later in an unrelated study, Bulkeley (2012) found
while blind coding a series of dreams that there were an
unusual number of transport dreams, and from this and other
clues estimated that they came from a similar group of people;
the dreams were indeed from a group of older palliative care
patients.
Functions of Metaphor Generation: Novelty
Metaphor theorists have considered the various ways in which
metaphors work: for example, they may simply emphasize
the similarity between two things; or, alternatively, they may
enable something new to be discovered from the comparison
(Tourangeau and Sternberg, 1982). Tourangeau and Rips (1991)
provided evidence for the latter: metaphor creates an emergent
feature from two previously unrelated things, rather than simply
emphasizing their similarities. Similarly Lakoﬀ and Johnson
(1980), who instigated the current understanding of the ubiquity
of metaphor in our conceptualization of ourselves and our
world, discussed non-conventional metaphors, ones that are not
already in existence and common usage, and noted that they are
‘imaginative,’ and ‘creative,’ and can provide new understandings.
This is perceptible in dream metaphors: for example, the
condensation into one character of a dreamer’s father and
male lover, which enables the dreamer to perceive something
about the lover that previously they did not (Hartmann,
1996a).
Kuiken (1999) similarly argued that the unidirectional method
of interpreting dream metaphors (‘A’ in the dream represents
‘B’ in waking life) is erroneous, and that dreams should be
interpreted rather as a composite image, in which A says
something about B, and B also says something about A.
In this argument also there is an emphasis on novelty, on
the combination of two loosely related concepts to produce
something new that says something about them both. Indeed,
it was found in one study that metaphors created from dream
imagery were more novel than those generated from waking
fantasy imagery, supporting the novelty-producing concept of
dream metaphors (Kuiken and Smith, 1991).
Metaphors and Embodied Cognition
The idea of dreams concretely picturing something abstract from
waking life does not, however, necessitate that the dream is non-
literal, like a spaceship taking oﬀ representing a career taking
oﬀ. Sometimes the concrete representation may be exactly literal,
but the way in which it turns the abstract into the concrete is
by embodying the thought and making it exist on a physical
(albeit imagined) plane. As Hall (1953) wrote, dreams make the
conceptual perceptual; and that percept might be a metaphor, but
equally it might not be. In their book, Hall and Nordby (1972)
discuss the diﬀerence between dreams that are ‘denotive,’ that is,
the dream imagery stands directly in for its referent, and dreams
that are ‘metaphorical,’ in which the dream imagery stands in
for something less obvious, and may express complex, even
contradictory ideas. Denotive dreams do not require any kind
of ‘decoding’ to understand their waking life referent, whereas
metaphorical dreams do. Following the logic of the dream and
metaphor theorists cited above, it is the metaphorical dreams
rather than the denotive dreams that facilitate the making of
new connections, the generation of novel ideas. However, it is
likely that dreams do not exist in this binary way, denotive versus
metaphorical, but that this would be better conceptualized as
a continuum. This idea that dreams are embodied simulations
of thoughts has been championed by many researchers, such as
Domhoﬀ (2011b). In one study he shows how the dreams of a
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widower about his wife concretely picture his emotional journey
after her death (Domhoﬀ, 2007).
Lakoﬀ (1993) notes that metaphors are imagistic – they
use imagery from the physical world to conceptualize its more
abstract parts – but when used in language they are only
pictorial in theory. We do not picture the mental image of
someone’s feet being cold when we talk about having “cold
feet” before a wedding. However, when dreams use metaphors,
they are imagistic; dreams are visual, but even more than
this they are experiential; they are felt, bodily experiences.
Many dream theorists have highlighted the experiential aspect
of dreaming, such as Jung, Rogers, and Gendlin, as discussed
in a recent article by Ellis (2014). In her work, Ellis shows
how re-entering and bodily experiencing a dream can enable
the dreamwork to move forward, perhaps by empowering the
dreamer to “manipulate their internal imagery system.” There are
parallels here between this Focus-Oriented Dreamwork (FOD)
and Gackenbach’s ﬁndings that high-end gamers seem to have
a defense mechanism in their dreams whereby when they have
dreams of being attacked they are able to respond in kind because
they have rehearsed this behavior in waking life (Gackenbach
et al., 2011, 2013). What FOD clients and high-end gamers have
in common is that they have rehearsed their adaptive behaviors
during wakefulness in lived, bodily, immersive experiences,
which then translate into their dream behaviors. Thus, the
embodied, lived experience of the imagination is crucial.
Functions of Metaphor Generation: Assimilation
Through dreaming embodied metaphors, which are guided by
waking emotions, the dreamer is able to assimilate current
waking experiences into their wider memory system, and into
their mind as a whole. This is the assimilation process: not
only are the experiences reactivated in a memory consolidation
fashion, but they are lived in the body through imagination
and in this way assimilated into information already stored in
the brain. This assimilation process is mostly clearly perceived
in the research conducted with PTSD patients as discussed
earlier. That is, PTSD involves emotional trauma, a general
stunting of imagination, and thereby the literal replaying of that
trauma during dreaming; recovery from PTSD involves a gradual
move into metaphoricalness in dreaming. Dreamwork such as
IRT and FOD involves using imagination to change the PTSD
nightmares.
Hartmann (1996a, 1999a,b) suggested that dreams are all
“explanatory metaphors” for some waking-life emotion, and
that this is most obvious in extreme cases such as PTSD
and nightmares; ‘normal’ dreams also do this but it is much
harder to discern the underlying cause. He also showed that
daydreams become more metaphorical the more emotional they
are, becoming like night dreams (Hartmann et al., 2002–2003).
This may at ﬁrst glance seem at odds with the data that show
that dreams become more metaphorical the more adaptation
occurs after a trauma in individuals with PTSD; but if the latter
is viewed as the extreme end of the spectrum, as a malfunction
of the process, it may be speculated that metaphoricalness and
emotionality increase together up to a point, but if the emotion is
so intense that it becomes traumatic then the ability to produce
metaphor fails and is lost, because PTSD stunts imagination.
Indeed, we found a large positive correlation between the self-
reported emotional intensity and metaphoricalness of late-night
dreams (r = 0.50), and a medium one in early night dreams
(r = 0.35; Malinowski and Horton, 2014b). If we interpret these
ﬁndings in line with the emotion assimilation theory, emotion
and metaphor increase together because metaphor generation is
a tool for imaginatively thinking about important experiences,
and emotion denotes importance. Kunzendorf (2007) noted
that one of his participants, who intensiﬁed the emotion in
a reinterpretation of her dream, in so doing gained insight
into it. The intensiﬁcation of the emotion led to insight. The
relationship betweenmetaphor and insight is the focus of the next
section.
Functions of Metaphor Generation: Insight
Dreamwork often relies on the concept that dreams enable us
to ﬁnd out something about ourselves that we don’t already
know (Ellis, 2013); this makes sense in light of the evidence
that dreams can be metaphorical, and that metaphors generate
novel thoughts. This view, however, is in stark contrast to
the beliefs of some researchers who claim that dreams never
tell us anything we don’t already know (e.g., Hobson in his
dialog with Schredl: Hobson and Schredl, 2011). The diﬀerence
perhaps rests on diﬀering notions of what dreams ‘are’: the
self-organization of random neural ﬁrings in the brain (e.g.,
Kahn and Hobson, 1993), or the self-organization of meaningful,
purposeful, patterned ﬁrings of pieces of information with a
tendency toward emotionality that the dreamer is not aware of
but that would be useful to be aware of. Thus it is necessary to
deﬁne what is meant when we say “something we don’t already
know.”
Creative insight is deﬁned as the association of elements of
information already stored in the mind into new conﬁgurations
that are in some way useful (Cai et al., 2009). In Cai et al.’s (2009)
study, the ability to discover associated words in the Remote
Associations Test was signiﬁcantly enhanced by REM (but not
NREM) sleep, when the participants had (unknowingly) been
primed on the answers before sleep. Thus REM sleep facilitated
this associativity ability during subsequent wakefulness. Sleep
processes – and we would argue, the concomitant subjective
experience of dreaming – enabled the hyperassociativity of the
information that was already stored to be used in a creative
and useful way. Similarly, working with dreams has been shown
to generate insight into the self (Edwards et al., 2013, 2015),
and more insight is obtained when participants are asked to
make associations between the dream images and waking life
than when simply richly describing the dream images (or a
combination of the two: Hill et al., 1998). Perhaps then the
idea of dreams telling us “something we don’t already know”
should be restated as “something we are not aware of knowing,”
in which ‘knowing’ may constitute formerly disparate pieces
of information that require reconﬁguring to become useful.
Dreamwork facilitates obtaining insight into these non-conscious
thoughts, perhaps through the unraveling of dream metaphors,
which, as discussed, are potentially particularly useful for making
new discoveries. However, the concept that ‘decoding’ dream
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metaphors can enable the generation of insight currently lacks
empirical evidence, so this idea is very much speculative at
present.
Thus we believe that, despite the diﬃculties in objectively
demonstrating the existence of metaphor in dreams, there is
evidence enough to make the assertion that abstract waking-
life thoughts appear in dreams in concrete ways; sometimes
this concrete representation is ‘denotive,’ that is, a literal
representation, and other times it is ‘metaphorical,’ that is, a non-
literal representation (and variations in between these two states).
These metaphorical representations are guided by emotions,
enable the assimilation of emotions, and have the potential to
generate novel insights, the uncovering of which can be facilitated
by dreamwork. PTSD dreams are an extreme or a malfunction
of this process, and so are not metaphorical at all, until the
recovery process begins, which may be oﬀset by ‘kick-starting’ the
imagination through types of dreamwork speciﬁcally designed
for this purpose.
Hyperassociativity
The intense connectivity between loosely associated memories
(‘hyperassociativity’) that may be behind insight and creativity
during sleep is the second kind of imaginative activity that
occurs particularly during sleep/dreaming, and it is to this that
we now turn. There is wide agreement among researchers that
dreaming, unlike focused waking thought, is hyperconnective,
ﬂuid, and ﬂexible (Antrobus, 1993; Globus, 1993; Montangero,
1993; Hartmann, 1996a; Cai et al., 2009; Levin and Nielsen, 2009;
Walker, 2009; Walker and Stickgold, 2010; Cartwright, 2011;
Llewellyn, 2013). It has something in common with daydreaming
and other loose modes of thinking during wakefulness but
is more extreme than them (Hartmann, 2010; Fox et al.,
2013), and also with the ‘default network’ of the waking brain
(Domhoﬀ, 2011a). Many researchers agree that the dream is
always a novel creation, and is often bizarre because of its
intense interconnectivity (Montangero, 1993; Hartmann, 1996a;
Stickgold and Walker, 2004; Cartwright, 2011).
Evidence of Hyperassociativity in Dream Content
In Stickgold and Walker’s (2013) triage theory, it was suggested
that once memories have been selected for incorporation, two
main processes then occur during sleep: item integration, in
which newly learnt memory representations are assimilated
into pre-existing schemas; and multi-item generalization, in
which new items are combined into a new schema. It is
this latter process that is particularly of relevance here:
this multi-item generalization stage may be reﬂected in
dreams as hyperassociativity. At this subjective, dream level,
hyperassociativity is reﬂected in at least three ways. First,
dreams do not replay waking-life experiences ‘intact’ but rather
incorporate them in fragmentary ways, with disparate elements
of waking life appearing in one dream narrative (Fosse et al.,
2003; Malinowski and Horton, 2014c; Horton and Malinowski,
2015). One study found that 81% of dreams contained abrupt
and complete changes of dream events within the dream
narrative (Montangero, 2012). During this hyperassociative
process, episodic memories are “unbound” or “disconnected”
(Payne, 2010, p. 122). The second way in which dreams reﬂect
hyperassociativity is in their bizarreness: disparate, disjointed
elements of memory join (associate) together with imagination to
form bizarre narratives (e.g., Revonsuo and Tarkko, 2002; Levin
and Nielsen, 2007; Montangero, 2012).
The third potential way in which dreams are hyperassociative
is in time variance: dreams interweave elements of the past, the
present, and the imagined or anticipated future. For instance,
Cartwright et al. (1984) found that depressed divorcees had
dreams that were often stuck in the past, whereas non-depressed
divorcees’ dreams exhibited more time variance. Given that many
of the theories discussed so far have proposed a mechanism
whereby current information is interweaved during sleep with
pre-existing information, including ‘gist’ memories as well as
more speciﬁc memories (e.g., Breger, 1967;Walker and Stickgold,
2010), it makes sense that dream content that is related to a
heightened ability to assimilate this information (and therefore
cope with it) exhibits time variance. At the other end of the
spectrum are individuals whose ability to assimilate information
has been enormously reduced, such as PTSD patients. One of
the eﬀects of PTSD symptomatology is the appearance of more
general, and less speciﬁc, autobiographical memories (Moore
and Zoellner, 2007), and this ‘overgenerality’ has been found
to apply also when imagining the future (Brown et al., 2013).
Additionally, PTSD patients who were manipulated to believe
they were high in self-eﬃcacy were found to generate memories
and imagined future events with greater speciﬁcity than those
who believed they were low in self-eﬃcacy (Brown et al.,
2012). This, and the evidence from Cartwright’s study in the
previous paragraph, indicate that time variance, as one mode of
hyperassociativity, is crucial to memory integration and emotion
assimilation.
Several studies evidence that dreams respond associatively
to waking-life stimuli. Davidson and Lynch (2011) found
that, after exposure to a video depicting the events of 9/11,
participants had more dreams of material that was literally,
closely and loosely related to material, demonstrating the
hyperassociative pathways active during dreaming. Similarly,
naturalistic post-9/11 studies generally found little evidence for
direct incorporations of the event into dreams, but did ﬁnd
evidence for associated images, themes, and emotions (e.g.,
Hartmann and Basile, 2003; Hartmann and Brezler, 2008).
Domhoﬀ (1993), in commenting on the resurgence of traumatic
dreaming of Vietnam veterans during much later times of
unrelated stress (such as marital diﬃculties), suggested that the
dreams could be metaphorical representations of the present
stress; conversely, perhaps the current stress simply opened up
associative pathways. Similarly, post-traumatic nightmares can
be triggered by a new life event or even a television image
up to 40 years after the traumatic experience (Schreuder et al.,
1998; Schreuder et al., 2000). Given that it is unlikely that
a traumatic nightmare is a metaphorical representation of a
television image, it seems more likely that associative pathways
to the traumatic experience were re-opened by the associated
image.
The fact that dreams involve elements unknown to the
dreamer (such as characters or activities that the dreamer has not
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had direct experience of in waking life) is not evidence against
the notion of these being distant memory associations, because
memory consolidation does not involve merely strengthening
memories for literal recall, but also extraction of the gist of the
memory (Wamsley, 2014). Indeed, we have found that ‘generic’
elements occur frequently in dreams, such that people dream
of recognizable ‘types’ – which come from an amalgamation
of a variety of speciﬁc waking-life memories, but not any
one particular memory – which are akin to ‘extras’ in a ﬁlm
(Malinowski et al., 2014). For example, one participant dreamt
of a generic bookshop and a generic bookshop assistant, which
comes from a combination of various experiences of bookshops
and bookshop assistants, but without being any particular place
or person from memory. Strauch and Meier (1996) call such
generic elements the “building blocks” of dreams.
Functions of Hyperassociativity: Assimilation
Many of the researchers cited in Section “Emotion-Processing
Theories of Dreaming” who postulated emotion-processing
theories of dreaming hypothesize that this process occurs via
hyperassociativity (e.g., Breger, 1967; Hartmann, 1996a; Levin
and Nielsen, 2007; Cartwright, 2011). Breger talked about the
dream providing a context in which mnemonic information
is more freely available to be accessed than during waking;
and moreover, it is available to be accessed in a ﬂuid,
associative manner. This “creative opening up of the memory
systems” (p. 25) is what enables integration of new with old
memories. Llewellyn (2013) postulates that recent episodic
experiences are hippocampal-dependent and are assimilated
into long-term, more stable emotional memory networks
during dreaming. Thus dreaming provides a context in which
experiences can be elaborated, activating relational memories.
Hartmann (1996a) drew similar conclusions, envisaging the
brain as an interconnected network of units, and suggesting
that the ﬂow of information between these units during
waking (especially during directed thought) is linear, and
this is most functional when we are in pursuit of a goal.
However, during dreaming, the ﬂow of information is non-
linear, and may spread laterally into units that are more
loosely connected together; this process is guided by emotion.
Thus, PTSD dreams are a dysfunction of this process, and
are not hyperconnective but are still guided by emotion,
whereas ‘normal’ dreams following trauma are hyperconnective
and guided by the emotion. As the dreams move from
traumatic to normal, they become more hyperconnective, and
thus the original emotion becomes harder to determine. This
process contextualizes the current emotional concern in a
diﬀerent (novel) perspective, and in situations that have been
experienced before. In this view, new material is interweaved
with older material to form new creations, in order to adapt to
experiences.
Functions of Hyperassociativity: Insight
These processes are envisioned to occur primarily during REM
sleep, the stage of sleep most conducive to hyperassociative
thinking. In addition to Cai et al.’s (2009) ﬁndings (see Functions
of Metaphor Generation: Insight), a number of other studies
evidence that REM sleep facilitates hyperassociative thinking,
which may lead to insight. Stickgold et al. (1999) found that
weak priming (e.g., ‘crime’ with ‘gun’) exceeds strong priming
(e.g., ‘hot’ with ‘cold’) after REM sleep, suggesting again that
hyperassociative thinking is occurring during REM sleep. Walker
et al. (2002) found that participants awoken from REM sleepwere
better at solving anagrams than those awoken from NREM sleep,
again demonstrating that REM sleep is conducive to associative
modes of cognition. Recently, Carr and Nielsen (2015) have
shown that a REM-sleep group of participants scored higher
than NREM or wake groups on primed emotional stimuli using
the associational breadth method. Some behavioral paradigms
have demonstrated the overall role of sleep, as opposed to
wake, in enhancing insight into associations between learned
categories (Ellenbogen et al., 2007). Taking the evidence together,
memory researchers posit a complex picture of the brain
during sleep; far from mere consolidation (strengthening) of
memories during sleep, the brain is undergoing a whole host
of memory transformation processes, including assimilation and
integration, abstraction and generalization, selective extraction of
useful information, and generating insights from the information
stored (Payne, 2010; Walker and Stickgold, 2010; Llewellyn,
2013).
In Section “Metaphors and Embodied Cognition” and
“Functions of Metaphor Generation: Assimilation” it was
postulated that metaphor generation may be instrumental in the
novelty- and insight-producing abilities of dreaming. Similarly
hyperassociativity has the potential to produce novelty and
new insights. Kuiken and Smith (1991) suggest that new
meanings are reached in dreams during ‘visual reorientations’:
things changing appearance, sudden scene shifts, the dream self
suddenly realizing something, etc.; things that often typically
make up the categories in content analysis of dream bizarreness
(e.g., Revonsuo and Salmivalli, 1995). This bears relation to
White’s (2014) ﬁndings on counterfactual thinking in dreams:
he found that when the dream self attempts to solve a
problem within a dream, they usually fail. However, when new
information just ‘appears’ in the dream – which can be in the
form of a character suddenly appearing, or new knowledge
suddenly appearing in the dream self ’s mind, or any other
sudden change – this usually helps to move the dream self
forward.
Both Kuiken and Smith’s (1991) and White’s (2014) research
can be interpreted as further evidence for hyperassociativity in
dreams. The sleeping mind already has the information required
to move the dream forward or come to novel understandings,
and this information seems to just ‘appear’ in the dream because
an associative network has suddenly been activated during
sleep; the subjective experience of this is a sudden appearance
of a person or a thought. The importance of the sudden
appearance of something new in a dream is also echoed by Ellis
(personal communication) in relation to PTSD dreams: “[a PTSD
nightmare] repeats and repeats until something new or diﬀerent
happens that can move the process forward as intended.” These
sudden openings to associated information stored somewhere in
the brain may be behind the insight that is generated during
REM sleep. Research is needed to ﬁnd out what the subjective
Frontiers in Psychology | www.frontiersin.org 13 August 2015 | Volume 6 | Article 1132
Malinowski and Horton Emotion assimilation in sleep and dreaming
experience is behind such insights, but it may be that it is
these sudden changes in dreams, reﬂecting sudden ‘ﬁrings’ of
associative networks.
The Relationship between Hyperassociativity and
Metaphor
Closely related to the idea of hyperassociativity and creativity
are the ideas of connectionism and self-organization. Like
Hartmann (1996a), dream connectionist theorists such as Globus
(1993) discuss the mind as a network of interconnected ‘nodes’
(neurons) that operates under a parallel processing system,
spontaneously reorganizing the entire make-up of the system
in response to input. Relatedly, Antrobus (1993) argues that
memories for things like attributes, objects, and events are stored
as a distributed pattern, which are connected by conceptual
similarities. When a unit has a similarity another unit, those
units have an active, connected relationship (such as ‘leg’ and
‘ﬂexible joint’), but when they are incompatible with another
unit, they have an inhibited, disconnected relationship (such
as ‘leg’ and ‘rigid’). Units with such shared conceptual features
may be more likely to be connected during dreaming, which
enables dreams to be representative or “metaphoric” (p. 81) in
quality.
In this view, associativity and metaphor go hand-in-hand
during sleep/dreaming; thus there should be a relationship
between metaphor and bizarreness, if bizarreness is a
measureable marker of hyperassociativity. We found a very large
positive correlation between self-reported metaphoricalness
and bizarreness in participants’ late-night dreams (r = 0.72)
and a large positive correlation in early night dreams (r = 0.51;
Malinowski and Horton, 2014b). Similarly, since we argue that
the emotion-assimilation function of dreaming is predicated
on imaginational abilities, and that dream bizarreness (for
hyperassociativity) is one of these abilities, it would be expected
that bizarreness and emotional intensity are also positively
correlated. There were medium-to-strong positive correlations
between emotional intensity and bizarreness in both late-
night dreams (r = 0.46) and early night dreams (r = 0.38).
Future research should look into whether these correlations are
particular to positive or negative emotions, to throw further
light onto whether it is particularly negative emotions that are
required to be assimilated via the imaginational properties of
dreaming, or whether positive emotions are equally dreamt of in
this way.
Temporal Effects of Hyperassociativity
Hyperassociativity may also be evident as a long-term, iterative
process, as has been discussed, and illustrates how dream
incorporation and adaptation occur after the new emotional
experience has been activated, both across multiple nights and
within a single night. Blagrove et al. (2011a,b) have replicated
the ﬁndings of Nielsen and Powell (1992) regarding the dream-
lag eﬀect: that is, waking-life experiences tend to appear in
dreams the night immediately after they have occurred, and
then not again until 5–7 days later; but on second appearance,
the dream incorporates the experience in a more abstract way.
This could be evidence for the experience being interweaved
into the wider memory system, i.e., connections being made
between the new information, established information, and
imagination. More recently, van Rijn et al. (2015) have found
that the dream-lag eﬀect only exists for personally signiﬁcant
events, and not major daily activities or major concerns.
This is important because ‘personally signiﬁcant event’ implies
emotional in both positive and negative ways, whereas ‘major
daily activities’ implies everyday, neutral experiences, and
‘major concerns’ implies speciﬁcally negative thoughts and
experiences.
Within a single night, several stage of sleep and time of
night eﬀects have been found in dreams: REM dreams and
those toward the end of the night tend to become longer,
more vivid, more emotional, and more bizarre (Hobson et al.,
2000; Wamsley et al., 2007; Malinowski and Horton, 2014b),
although REM and NREM dreams become more similar as the
night progresses (Nir and Tononi, 2010). Similarly Wamsley
et al. (2010) found that incorporation of waking life experiences
increased in abstraction with duration of sleep. Cartwright also
found (Section “Cartwright: The Emotion Regulation Function
of Dreaming”) that dreamers who achieve emotional adaptation
tend to start out dreaming in negative tones in the early night
and end up in positive tones in the late night. Thus a picture
begins to build for dreaming across the night, where bizarreness,
emotional intensity, and emotional valence change as the night
goes on. More research is required to get a fuller picture of these
changes, considering metaphor also (Malinowski and Horton,
unpublished manuscript).
Similarly, time of night inﬂuences memory consolidation
during sleep, such that episodic memories tend to be
preferentially consolidated during NREM sleep in the earlier
portion of the night, and procedural and emotional memories
during REM sleep in the later portion of the night (Plihal and
Born, 1997; Payne, 2010). Such evidence has led some researchers
to propose a memory consolidation theory of sleep whereby slow
wave sleep (SWS) initially consolidates recent episodic material
(such as from the previous day), and REM sleep integrates and
abstracts it (e.g., Giudatta et al., 1995, see also Llewellyn, 2013).
Such theorizing is in line with the dream research ﬁndings,
since early night (SWS) dreams tend to reﬂect current concerns,
and later night (often REM) dreams tend to be more bizarre,
which may mean they are more hyperassociative, as above. This
in turn may reﬂect the subjective experience of the memory
integration function of REM sleep. Whilst we recognize that
dreams from late-night sleep are typically more bizarre than
those elicited from early night sleep, we are not in a position to
postulate that the emotion assimilation processes are speciﬁcally
REM-dependent. Rather, they may require both non-REM and
REM processing (Ellenbogen et al., 2007; Cairney et al., 2014), or
be a function of time spent asleep.
At the chemical level, these time of night changes in
hyperassociativity may be understood as a function of the
circadian cycle of the stress hormone cortisol (Payne, 2010).
Traumatic experiences, which are accompanied by the release
of cortisol, are often fragmented and lack coherence, with
little episodic or contextual information retained. Conversely,
emotional material is ‘stamped in’; the resultant eﬀects are
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either disjointed memory fragments, or memories that undergo
“narrative smoothing” (p. 117), the latter of which is similar to
the synthesis of memory fragments into a narrative in dreams.
Thus, since levels of cortisol increase across the night and peak
in the late morning, so dreaming becomes more fragmented and
bizarre across the night, peaking in the late morning.
Hyperassociativity during sleep/dreaming, then, appears to
index one of the stages of memory consolidation during
sleep: that is, the stage during which memories are integrated,
which happens during late-night, predominantly REM, sleep.
During this stage of the memory consolidation process, recent
memories are activated and associated with other information
already stored in the memory system. There is widespread
evidence for hyperassociativity occurring during sleep, such
as the insight generated following REM sleep compared to
NREM and wakefulness; likewise there is widespread evidence
for hyperassociativity during dreaming, such as time variance
in dreams, the activation of associated memories following
exposure to stimuli, and the fragmentariness and bizarreness
of some, particularly late-night, dreams. Several researchers
conceptualize the mind in this state as a series of interconnected
nodes, activating in parallel rather than the more sequential, or
linear, mode of thought common to focused waking cognition.
Hyperassociativity, like metaphor, has the potential to create
novel insights. It increases over time, both within a single night
(bizarreness increases toward the end of the night and episodic
replayings of memories decrease; this may be seen at the chemical
level in increases in cortisol), and across many nights (abstraction
increases with repeated incorporations, as evidenced by dream-
lag studies).
Suggestions for Future Directions
As we have emphasized throughout, theories of emotional
processing during sleep could beneﬁt from exploring dream
content, and theories of dreaming could beneﬁt from considering
the behavioral and neurological proﬁle of the sleeping brain.
In practice empirical studies from the sleep lab need to be
followed up with dream studies. Dreams can be studied as
transparent reﬂections of sleep-dependent memory processes
(Wamsley, 2014), provided they are sampled under ideal
conditions (Windt, 2013), taking heed from the systematic
and rigorous methodologies typifying sleep science (Kahan and
Horton, 2012). More speciﬁcally, there are some aspects of our
proposed emotion assimilation theory that would beneﬁt from
greater exploration. The time-course of the emotion assimilation
processes is as yet understudied, with the domains of sleep
science and dreaming sometimes focusing on diﬀerent levels of
enquiry, with sleep-labs typically exploring shorter time frames,
from naps (e.g., Payne et al., 2015) to around 24 h periods
(Ellenbogen et al., 2007) compared to some longer-term dream
studies (e.g., Cartwright’s divorcee studies, Section “Cartwright:
The Emotion Regulation Function of Dreaming.”) Similarly the
role of REM sleep, in particular, requires further consideration
in the selection of emotional information, and its subsequent
consolidation.
The diﬀerential eﬀects of positive and negative emotions
in the consolidation and assimilation process should also be
parsed out. Kensinger (2009) has reviewed the eﬀects of emotion
on (non-sleep-dependent) memory processes, and found that
while emotion has a beneﬁcial eﬀect for memory whether it is
positive or negative, the beneﬁts are diﬀerent: positively valenced
memories are more likely to be remembered in terms of the
gist of the memory, whereas negatively valenced memories are
more likely to recalled in speciﬁc detail. That is, she found
a link between negative emotion and sensory processing on
the one hand, and positive emotion and conceptual processing
on the other. These eﬀects should be investigated in terms of
the eﬀects of diﬀerently valenced memories and sleep, and the
phenomenology of these eﬀects during sleep by investigating
dream content.
Dream science can be particularly insightful in terms of the
study of metaphors and associations between memory elements
to reﬂect assimilation. It has been over 10 years since Domhoﬀ’s
(2003) suggestion that inductive qualitative methods, followed
up with objective quantitative methods, are used to study dream
metaphors in depth, but few researchers have broached this
topic yet. More research is needed to investigate the conscious
experiences of assimilation that occur during sleep in dreams,
and dream metaphor, hyperassociativity, and bizarreness may
provide starting points. Similarly, dream content may be fruitful
in the study of other memory processes during sleep, such as gist
extraction and insight generation.
Finally, links between dream content and more general
memory behaviors are needed, such as exploring dream content
from periods of successful consolidation (versus less successful
consolidation) and, where possible, identifying speciﬁc links
between dream content and enhanced recall of those memories
activated in dreams (as in Horton, 2012). More generally,
exploring the content of dreams taken from sleep that enhances
creativity, insight or problem solving may also shed light on
the sleep-dependent processes that give rise to such successful
cognitive functioning.
Conclusion
We have proposed (i) that emotion acts as a marker for
information to be selectively processed during sleep, including
consolidation into long term memory structures and integration
into pre-existing memory networks, (ii) that dreaming reﬂects
these processes of emotion assimilation, and (iii) that the
associations between memory fragments activated during sleep
give rise to measureable elements of dream metaphor and
hyperassociativity (e.g., time variance and bizarreness). In turn,
these elements indicate the time-course of emotion assimilation,
with greater bizarreness signifying greater distance from the
original emotionality of the experience, in turn indicating more
advanced assimilation.
These processes directly compliment the proposed model
of autobiographical memory functioning in the sleeping
brain (Horton and Malinowski, 2015) which describes how
waking-life elements are broken down into fragments,
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subsequently re-bound together via hyperassociativity during
sleep, and manifest in bizarre experiences of dreams and the
metaphorical representation of salient and emotional waking life
experiences. In our emotion assimilation theory we emphasize
how emotion during sleep can function to improve the retention
and retrievability of salient experiences so we can make use
of them better in the future. Taken together, experiences
and information from waking life can be broken down for
oﬄine ﬁling during sleep, and activated as part of that
process. Associated emotionality of those memory fragments
leads to heightened activation, in turn resulting in further
hyperassociativity, and as such a stronger memory consolidation
process ensues.
Currently there is not enough evidence to make the
claim that experiencing dreaming contributes to emotional
assimilation directly; rather, dreaming can be taken to reﬂect the
activation of memories whilst the brain’s sensitivity to external
stimuli is lessened (Murkar et al., 2014). Dreaming provides a
methodological tool for exploring cognitive processing during
sleep, though at this stage we are not able to measure the
additional value of dreaming versus not-dreaming to these
processes. (See Kahan and Horton, 2012, for a brief review of
dreaming as a methodological tool.) We assume that dreaming
occurs in the vast majority of individuals each night during sleep,
though being able to remember one’s dreams is independent of
the sleeping brain’s ability to assimilate emotional material into
pre-existing networks. Further, although we propose that sleep
may serve the function of assimilating emotional information
into a stable, organized network of personal and semantic
information, we make no claims about this being sleep’s only,
or even main, function. Similarly, we recognize that sleep has
evolved and its primary functions likely changed, with functions
such as emotion assimilation being a consequence of a rapidly
evolving and stimulated human brain in everyday contexts.
References
Antrobus, J. (1993). “Dreaming: Could We Do Without It?,” in The Functions of
Dreaming, eds A.Moﬃtt, M. Kramer, and R. Hoﬀman (Albany: State University
of New York Press).
Baglioni, C., Spiegalhalder, K., Lombardo, C., and Riemann, D. (2010). Sleep
and emotions: a focus on insomnia. Sleep Med. Rev. 14, 227–238. doi:
10.1016/j.smrv.2009.10.007
Barrett, D. (1996). Trauma and Dreams. Cambridge, MA: Harvard University
Press.
Belicki, K. (1992). Nightmare frequency versus nightmare distress: relations to
psychopathology and cognitive style. J. Abnorm. Psychol. 101, 592–597. doi:
10.1037/0021-843X.101.3.592
Blagrove, M. (1992). Dreams as the reﬂection of our waking concerns and abilities:
a critique of the problem-solving paradigm in dream research. Dreaming 2,
205–220. doi: 10.1037/h0094361
Blagrove,M. (2011). Distinguishing continuity/discontinuity, function, and insight
when investigating dream content. Int. J. Dream Res. 4, 1–3.
Blagrove, M., Farmer, L., and Williams, E. (2004). The relationship of nightmare
frequency and nightmare distress to well-being. J. Sleep Res. 13, 129–136. doi:
10.1111/j.1365-2869.2004.00394.x
Blagrove, M., Fouquet, N. C., Henley-Einion, J. A., Pace-Schott, E. F., Davies,
A. C., Neuschaﬀer, J. L., et al., (2011a). Assessing the dream-lag eﬀect for REM
and NREM stage 2 dreams. PLoS ONE 6:e26708. doi: 10.1371/journal.pone.
0026708
Blagrove, M., Henley-Einion, J., Barnett, A., Edwards, D., and Seage, H. C. (2011b).
A replication of the 5–7 day dream-lag eﬀect & aﬀect with comparison of
dreams to future events as control for baseline matching. Conscious. Cogn. 20,
384–391. doi: 10.1016/j.concog.2010.07.006
Breger, L. (1967). Function of dreams. J. Abnorm. Psychol. 72, 1–28. doi:
10.1037/h0025040
Brown, A. D., Dorfman, M. L., Marmar, C. R., and Bryant, R. A. (2012). The impact
of perceived self-eﬃcacy on mental time travel and social problem solving.
Conscious. Cogn. 21, 299–306. doi: 10.1016/j.concog.2011.09.023
Brown, A. D., Root, J. C., Romano, T. A., Chang, L. J., Bryant, R. A., and Hirst, W.
(2013). Overgeneralized autobiographical memory and future thinking in
combat veterans with posttraumatic stress disorder. J. Behav. Ther. Exp.
Psychiatry 44, 129–134. doi: 10.1016/j.jbtep.2011.11.004
Brown, R. J., and Donderi, D. C. (1986). Dream content and self-reported well-
being among recurrent dreamers, past-recurrent dreamers, and nonrecurrent
dreamers. J. Pers. Soc. Psychol. 50, 612–623. doi: 10.1037/0022-3514.50.3.612
Bulkeley, K. (2012). “Word searching as a tool of dream content analysis,” in
Proceedings of the International Association for the Study of Dreams Conference,
Berkeley, CA, 22–26.
Bulkeley, K., and Bulkeley, P. (2005).Dreaming BeyondDeath: a Guide to Pre-Death
Dreams and Visions. Boston, MA: Beacon Press.
Bulkeley, K., and Kahan, T. L. (2008). The impact of September 11 on dreaming.
Conscious. Cogn. 17, 1248–1256. doi: 10.1016/j.concog.2008.07.001
Cahill, L., and Alkire, M. T. (2003). Epinephrine enhancement of human memory
consolidation: interaction with arousal at encoding.Neurobiol. Learn. Mem. 79,
194–198. doi: 10.1016/S1074-7427(02)00036-9
Cai, D. J., Mednick, S. A., Harrison, E. M., Kanady, J. C., and Mednick, S. C. (2009).
REM, not incubation, improves creativity by priming associative networks.
Proc. Natl. Acad. Sci. U.S.A. 106, 10130–10134. doi: 10.1073/pnas.09002
71106
Cairney, S. A., Durrant, S. J., Power, R., and Lewis, P. A. (2014). Complementary
roles of slow-wave sleep and rapid eye movement sleep in emotional memory
consolidation. Cereb. Cortex 25, 1565–1575. doi: 10.1093/cercor/bht349
Carr, M., and Nielsen, T. (2015). Morning REM sleep naps facilitate broad access
to emotional semantic networks. Sleep 38, 433–443. doi: 10.5665/sleep.4504
Cartwright, R. D. (1991). Dreams that work: the relation of dream incorporation to
adaptation to stressful events.Dreaming 1, 3–9. doi: 10.1037/h0094312
Cartwright, R. (2011). The Twenty-Four Hour Mind: the Role and Sleep and
Dreaming in Our Emotional Lives. Oxford: Oxford University Press.
Cartwright, R. D., Agargun, M. Y., Kirkby, J., and Friedman, J. K. (2006).
Relation of dreams to waking concerns. Psychiatry Res. 141, 261–270. doi:
10.1016/j.psychres.2005.05.013
Cartwright, R. D., Lloyd, S., Knight S., and Trenholm, I. (1984). Broken dreams: a
study of the eﬀects of divorce and depression on dream content. Psychiatry 47,
251–259.
Cartwright, R. D., Luten, A., Young, M., Mercer, P., and Bears, M. (1998). Role of
REM sleep and dream aﬀect in overnight mood regulation: a study of normal
volunteers. Psychiatry Res. 81, 1–8. doi: 10.1016/S0165-1781(98)00089-4
Cartwright, R. D., Newell, P., and Mercer, P. (2001). Dream incorporation of a
sentinel life event and its relation to waking adaptation. Sleep Hypn. 3, 25–32.
Choi, S. Y. (1973). Dreams as a prognostic factor in alcoholism. Am. J. Psychiatry
130, 699–702. doi: 10.1176/ajp.130.6.699
Cohen, D. B., and Cox, C. (1975). Neuroticism in the sleep laboratory: implications
for representational and adaptive properties of dreaming. J. Abnorm. Psychol.
84, 91–108. doi: 10.1037/h0076938
Davidson, J., and Lynch, S. (2011). Thematic, literal and associative dream imagery
following a high-impact event. Dreaming 22, 58–69. doi: 10.1037/a0026273
Delorme, M.-A., Lortie-Lussier, M., and de Koninck, J. (2002). Stress and coping
in the waking and dreaming states during an examination period.Dreaming 12,
171–183. doi: 10.1023/A:1021128326940
Desseilles, M., Dang-Vu, T. T., Sterpenich, V., and Schwartz, S. (2011). Cognitive
and emotional processes during dreaming: a neuroimaging view. Conscious.
Cogn. 20, 998–1008. doi: 10.1016/j.concog.2010.10.005
Dolcos, F., LaBar, K. S., and Cabeza, R. (2005). Remembering one year later:
role of the amygdala and the medial temporal lobe memory system in
retrieving emotional memories. Proc. Natl. Acad. Sci. U.S.A. 102, 2626–2631.
doi: 10.1073/pnas.0409848102
Frontiers in Psychology | www.frontiersin.org 16 August 2015 | Volume 6 | Article 1132
Malinowski and Horton Emotion assimilation in sleep and dreaming
Domhoﬀ, G. W. (1993). “The repetition of dreams and dream elements: a possible
clue to a function of dreams?,” in The Functions of Dreaming, eds A. Moﬃtt,
M. Kramer, and R. Hoﬀmann (Albany: SUNY Press), 293–320.
Domhoﬀ, G. W. (1996). Finding Meaning in Dreams: A Quantitative Approach.
New York: Plenum Press. doi: 10.1007/978-1-4899-0298-6
Domhoﬀ, G. W. (2003). The Scientific Study of Dreams. Washington, DC: APA
Press.
Domhoﬀ, G. W. (2007). “Realistic simulation and bizarreness in dream content:
past ﬁndings and suggestions for future research,” in The New Science of
Dreaming: Volume 2. Content, Recall, and Personality Correlates, eds D. Barrett
and P. McNamara (Westport, CT: Praeger Publishers/Greenwood Publishing
Group), 1–27.
Domhoﬀ, G. W. (2011a). The neural substrate for dreaming: is it a subsystem of
the default network? Conscious. Cogn. 10, 26–41.
Domhoﬀ, G. W. (2011b). Dreams are embodied simulations that dramatize
conceptions and concerns: the continuity hypothesis in empirical, theoretical,
and historical context. Int. J. Dream Res. 4, 6–18.
Duke, T., and Davidson, J. (2002). Ordinary and recurrent dream recall of active,
past and non-recurrent dreamers during and after academic stress. Dreaming
12, 185–197. doi: 10.1023/A:1021152411010
Edwards, C., Malinowski, J., McGhee, S., Bennett, P., Ruby, R., and Blagrove, M.
(2015). Comparing personal insight gains due to consideration of a recent
dream and consideration of a recent event using the Ullman and Schredl dream
group methods. Front. Psychol. 6:831. doi: 10.3389/fpsyg.2015.00831
Edwards, C. L., Ruby, P. M., Malinowski, J., Bennett, P. D., and Blagrove,
M. T. (2013). Dreaming and insight. Front. Psychol. 4:979. doi:
10.3389/fpsyg.2013.00979
Ellenbogen, J. M., Hu, P. T., Payne, J. D., Titone, D., and Walker, M. P. (2007).
Human relational memory requires time and sleep. Proc. Natl. Acad. Sci. U.S.A.
104, 7723–7728. doi: 10.1073/pnas.0700094104
Ellis, L. (2013). Incongruence as a doorway to deeper self-awareness using
experiential focusing-oriented dreamwork. Person Centred Exp. Psychother. 12,
274–287. doi: 10.1080/14779757.2013.836130
Ellis, L. (2014). “Living the dream: the evolution of focusing-oriented dream work,”
in Emerging Practice in Focusing-Oriented Therapy, ed. G. Madison (London
and Philidelphia: Jessica Kingsley Publishers), 166–177.
Fosse, M. J., Fosse, R., Hobson, J. A., and Stickgold, R. J. (2003). Dreaming and
episodic memory: a functional dissociation? J. Cogn. Neurosci. 15, 1–9. doi:
10.1162/089892903321107774
Fosse, R., Stickgold, R., and Hobson, J. A. (2001). The mind in REM sleep: reports
of emotional experience. Sleep 24, 947–955.
Fox, K. C. R., Nijeboer, S., Solomonova, E., Domhoﬀ, G. W., and Christoﬀ, K.
(2013). Dreaming as mind wandering: evidence from functional neuroimaging
and ﬁrst-person content reports. Front. Hum. Neurosci. 7:412. doi:
10.3389/fnhum.2013.00412
Franzen, P. L., Buysse, D. J., Dahl, R. E, Thompson, W., and Siegle, G. J.
(2009). Sleep deprivation alters pupillary reactivity to emotional stimuli in
healthy young adults. Biol. Psychol. 80, 300–305. doi: 10.1016/j.biopsycho.2008.
10.010
Freud, S. (1900). The Interpretation of Dreams. Hertfordshire: Wordsworth.
Gackenbach, J., Darlington, M., Ferguson, M., and Boyes, A. (2013). Video game
play as nightmare protection: a replication and extension.Dreaming 23, 97–111.
doi: 10.1037/a0032455
Gackenbach, J. I., Ellerman, E., and Hall, C. (2011). Video game play as nightmare
protection: a preliminary inquiry in military gamers. Dreaming 21, 222–245.
doi: 10.1037/a0024972
Gibbons, J. A., Lee, S. A., and Walker, W. R. (2011). The fading aﬀect bias begins
within 12 hours and persists for 3 months. Appl. Cogn. Psychol. 25, 663–672.
doi: 10.1002/acp.1738
Giudatta, A., Ambrosini, M. V., Montagnese, P., Mandile, P., Cotugno, M.,
Zucconi, G. G., et al. (1995). The sequential hypothesis of the function
of sleep. Behav. Brain Res. 69, 157–166. doi: 10.1016/0166-4328(95)
00012-I
Globus, G. G. (1993). “Connectionism and Sleep,” in The Functions of Dreaming,
eds A. Moﬃtt, M. Kramer, and R. Hoﬀmann (Albany: SUNY Press), 119–133.
Goldstein, A. N., and Walker, M. P. (2014). The role of sleep in emotional brain
function. Ann. Rev. Clin. Psychol. 10, 679–708. doi: 10.1146/annurev-clinpsy-
032813-153716
Gujar, N., McDonald, S. A., Nishida, M., and Walker, M. P. (2010). A role for REM
sleep in recalibrating the sensititvity of the brain to certain emotions. Cereb.
Cortex 21, 115–123. doi: 10.1093/cercor/bhq064
Gujar, N., Yoo, S.-S., Hu, P., and Walker, M. P. (2011). Sleep deprivation ampliﬁes
reactivity of brain reward networks biasing the appraisal of positive emotional
experiences. J. Neurosci. 31, 4466–4474. doi: 10.1523/JNEUROSCI.3220-
10.2011
Hall, C. S. (1953). A cognitive theory of dreams. J. Gen. Psychol. 48, 169–186. doi:
10.1080/00221309.1953.9920189
Hall, C., and Nordby, V. (1972). The Individual and His Dreams. New York: New
American Library.
Hall, C., and Van de Castle, R. (1966). The Content Analysis of Dreams. New York:
Appleton-Century-Crofts.
Hartmann, E. (1996a). Outline for a theory on the nature and functions of
dreaming. Dreaming 6, 147–170. doi: 10.1037/h0094452
Hartmann, E. (1996b). “Who develops PTSD nightmares and who doesn’t,” in
Trauma and Dreams, ed. D. Barrett (Cambridge, MA: Harvard University
Press), 100–113.
Hartmann, E. (1998).Dreams and Nightmares: The Origin andMeaning of Dreams.
Cambridge, MA: Perseus Publishing.
Hartmann, E. (1999a). Dreams contextualize emotion – a new way of
understanding dreams and dream symbolism. Psychoanal. Dialogues 9, 779–
788. doi: 10.1080/10481889909539361
Hartmann, E. (1999b). The nightmare is the most useful dream. Sleep Hypn. 1,
199–203.
Hartmann, E. (2010). Meteorite or gemstone? Dreaming as one end of a
continuum of functioning: implications for research and for the use of
dreams in therapy and self-knowledge.Dreaming 20, 149–168. doi: 10.1037/a00
20575
Hartmann, E. (2011). The Nature and Functions of Dreaming. Oxford: Oxford
University Press.
Hartmann, E., and Basile, R. (2003). Dream imagery becomes more intense after
9/11/01.Dreaming 13, 61–67. doi: 10.1023/A:1023398924124
Hartmann, E., and Brezler, T. (2008). A systematic change in dreams after 9/11/01.
J. Sleep Sleep Disord. Res. 31, 213–218.
Hartmann, E., Kunzendorf, R. G., Baddour, A., Chapwick, M., Eddins, M.,
Krueger, C., et al. (2002–2003). Emotion makes daydreams more dreamlike,
more symbolic. Imagin. Cogn. Personal. 22, 257–276.
Heuer, F., and Reisberg, D. (1990). Vivid memories of emotional events:
the accuracy of remembered minutiae. Mem. Cogn. 18, 496–506. doi:
10.3758/BF03198482
Hill, C. E., Nakayama, E. Y., and Wonnell, T. (1998). The eﬀects of
description, association, or combined description/association in exploring
dream images. Dreaming 8, 1–10. doi: 10.1023/B:DREM.0000005910.
62383.0b
Hobson, J., Pace-Schott, E., and Stickgold, R. (2000). Dreaming and the brain:
towards a cognitive neuroscience of conscious states. Behav. Brain Sci. 23,
793–1121. doi: 10.1017/S0140525X00003976
Hobson, J. A., and Schredl, M. (2011). The continuity and discontinuity between
waking and dreaming: a dialogue between Michael Schredl and Alan Hobson
concerning the adequacy and completeness of these notions. Int. J. Dream Res.
4, 3–7.
Horton, C. L. (2012). Memory consolidation in sleep: Implications from dream
science. Int. J. Dream Res. 5, S46–S47.
Horton, C. L., and Malinowski, J. (2015). Autobiographical memory and
hyperassociativity. Front. Psychopathol. 6:874. doi: 10.3389/fpsyg.2015.00874
Horton, C. L., Smith, M. D., and Proctor, C. (2011). The emotionality of dream
memory sources: intensity and valence inﬂuences likelihood of incorporation.
Int. J. Dream Res. 4, S45.
Howe, J. B., and Blick, K. A. (1983). Emotional content of dreams recalled by elderly
women. Percept. Mot. Skills 56, 31–34. doi: 10.2466/pms.1983.56.1.31
Hu, P., Stylos-Allan, M., and Walker, M. P. (2006). Sleep facilitates consolidation
of emotional declarative memory. Psychol. Sci. 17, 891–898. doi: 10.1111/j.1467-
9280.2006.01799.x
Jung, C. G. (ed.). (1948a). “General aspects of dream psychology,” inDreams, trans.
R. F. C. Hull (London: Routledge), 23–68.
Jung, C. G. (ed.). (1948b). “On the nature of dreams,” inDreams, trans. R. F. C. Hull
(London: Routledge), 69–84.
Frontiers in Psychology | www.frontiersin.org 17 August 2015 | Volume 6 | Article 1132
Malinowski and Horton Emotion assimilation in sleep and dreaming
Kahan, T. A., and Horton, C. L. (2012). “Methodological challenges in dream
research,” in Encyclopaedia of Sleep and Dreaming, eds D. Barratt and
P. McNamara (Portsmouth, NH: Greenwood Publishing Group Inc.).
Kahn, D., and Hobson, J. A. (1993). Self-organization theory of dreaming.
Dreaming 3, 151–178. doi: 10.1037/h0094378
Kahn, D., and Hobson, J. A. (2002). Stereotypical gender-based emotions
are not detectable in dream reports. Dreaming 12, 209–222. doi:
10.1023/A:1021156511919
Kasl, S. L. (1995). “Theory of stress and health,” in Handbook of Stress, Medicine
and Health, ed. C. L. Cooper (Boca Raton: CRC Press), 5–13.
Kensinger, E. A. (2009). Remembering the details: eﬀects of emotion. Emot. Rev. 1,
99–113. doi: 10.1177/1754073908100432
Kibira, C. (1995). The dreams of women in early recovery from alcoholism. Diss.
Abst. Int. 55, 5074.
Krakow, B., Holliﬁeld, M., Johnston, L., Koss, M., Schrader, R., Warner, T. D.,
et al. (2001). Imagery rehearsal therapy for chronic nightmares in sexual assault
survivors with posttraumatic stress disorder: a randomised control trial. J. Am.
Med. Assoc. 286, 537–545. doi: 10.1001/jama.286.5.537
Kuiken, D. (1999). An enriched conception of dream metaphor. Sleep Hypn. 1,
112–121.
Kuiken, D., and Smith, L. (1991). Impactful dreams and metaphor generation.
Dreaming 1, 135–145. doi: 10.1037/h0094326
Kunzendorf, R. G. (2007). “Symbolic images in dreams and daydreams,” in The
New Science of Dreaming: Volume 3. Cultural and Theoretical Perspectives, eds
D. Barrett and P. McNamara (Westport, CT: Praeger Publishers/Greenwood
Publishing Group), 155–170.
Lakoﬀ, G. (1993). How metaphor structures dreams: the theory of conceptual
metaphor applied to dream analysis. Dreaming 3, 77–98. doi: 10.1037/h009
4373
Lakoﬀ, G., and Johnson, M. (1980).Metaphors We Live by. Chicago: University of
Chicago.
Lara-Carrasco, J., Nielsen, T. A., Solomonova, E., Levrier, K., and Popova, A.
(2009). Overnight emotional adaptation to negative stimuli is altered by REM
sleep deprivation and is correlated with intervening dream emotions. J. Sleep
Res. 18, 178–187. doi: 10.1111/j.1365-2869.2008.00709.x
Lavie, P., and Kaminer, H. (1996). “Sleep, dreaming, and coping style in Holocaust
survivors,” in Trauma and Dreams, ed. D. Barrett (Cambridge, MA: Harvard
University Press), 114–124.
Levin, R., Fireman, G., and Nielsen, T. A. (2010). Disturbed dreaming and
emotion dysregulation. Sleep Med. Clin. 5, 229–239. doi: 10.1016/j.jsmc.2010.
01.006
Levin, R., and Nielsen, T. A. (2007). Disturbed dreaming, posttraumatic stress
disorder, and aﬀect distress: a review and neurocognitive model. Psychol. Bull.
133, 482–528. doi: 10.1037/0033-2909.133.3.482
Levin, R., and Nielsen, T. A. (2009). Nightmares, bad dreams, and emotion
dysregulation. Curr. Dir. Psychol. Sci. 18, 84–88. doi: 10.1111/j.1467-
8721.2009.01614.x
Lewis, P. A., and Durrant, S. J. (2011). Overlapping memory replay during
sleep builds cognitive schemata. Trends Cogn. Sci. 15, 343–351. doi:
10.1016/j.tics.2011.06.004
Llewellyn, S. (2013). Such stuﬀ as dreams are made on? Elaborative encoding, the
ancient art of memory, and the hippocampus. Behav. Brain Sci. 36, 589–659.
doi: 10.1017/S0140525X12003135
Malinowski, J., Fylan, F., and Horton, C. L. (2014). Experiencing “continuity”: a
qualitative investigation of waking life in dreams. Dreaming 24, 161–175. doi:
10.1037/a0037305
Malinowski, J., and Horton, C. L. (2014a). Emotion but not stress modulates the
incorporation of waking experiences into dreams. Dreaming 24, 18–31. doi:
10.1037/a0036017
Malinowski, J., and Horton, C. L. (2014b). Diﬀerences in dreams of waking
life from early-night to late-night sleep. Dreaming 24, 253–269. doi:
10.1037/a0037817
Malinowski, J. E., and Horton, C. L. (2014c). Memory sources of dreams: the
incorporation of autobiographical rather than episodic experiences. J. Sleep Res.
23, 441–447. doi: 10.1111/jsr.12134
Montangero, J. (1993). “Dream, problem-solving, and creativity,” in Dreaming
as Cognition, eds C. Cavallero and D. Foulkes (Hertfordshire: Harvester
Wheatsheaf), 93–113.
Montangero, J. (2012). Dream thought should be compared with waking world
simulations: a comment on Hobson and colleague’s paper on dream logic.
Dreaming 22, 70–73. doi: 10.1037/a0026140
Moore, S. A., and Zoellner, L. A. (2007). Overgeneral autobiographical memory
and traumatic events: an evaluative review. Psychol. Bull. 133, 419–437. doi:
10.1037/0033-2909.133.3.419
Murkar, A., Smith, C., Dale, A., and Miller, N. (2014). A neuro-cognitive model of
sleep mentation and memory consolidation. Int. J. Dream Res. 7, 85–89.
Nielsen, T. A., Deslauriers, D., and Baylor, G. W. (1991). Emotions in
dream and waking event reports. Dreaming 1, 287–300. doi: 10.1037/h00
94340
Nielsen, T. A., and Lara-Carrasco, J. (2007). “Nightmares, dreaming, and emotion
regulation: a review,” in The New Science of Dreaming: Volume 2. Content,
Recall, and Personality Correlates, eds D. Barrett and P. McNamara (Westport,
CT: Praeger Publishers/Greenwood Publishing Group), 253–284.
Nielsen, T. A., McGregor, D. L., Zadra, A., Ilnicki, D., and Oullet, L. (1993). Pain in
dreams. Sleep 16, 490–498.
Nielsen, T. A., and Powell, R. A. (1992). The day-residue and dream-lag eﬀects:
a literature review and limited replication of two temporal eﬀects in dream
formation. Dreaming 2, 66–77. doi: 10.1037/h0094348
Nir, Y., and Tononi, G. (2010). Dreaming and the brain: from phenomenology to
neurophysiology. Trends Cogn. Sci. 14, 88–100. doi: 10.1016/j.tics.2009.12.001
Parker, J., and Alford, C. (2010). How to use Q-methodology in dream
research: assumptions, procedures and beneﬁts. Dreaming 20, 169–183. doi:
10.1037/a0020422
Payne, J. D. (2010). “Memory consolidation, the diurnal rhythm of cortisol, and the
nature of dreams: a new hypothesis,” in International Review of Neurobiology:
Dreams and Dreaming, eds A. Clow and P. McNamara (London: Elsevier),
103–134.
Payne, J. D., Kensinger, E. A., Wamsley, E. J., R Spreng, N., Alger, S. E., Gibler, K.,
et al. (2015). Napping and the selective consolidation of negative aspects of
scenes. Emotion 15, 176–186. doi: 10.1037/a0038683
Payne, J. D., and Nadel, L. (2004). Sleep, dreams, and memory consolidation:
the role of the stress hormone cortisol. Learn. Mem. 11, 671–678. doi:
10.1101/lm.77104
Payne, J. D., Stickgold, R., Swanberg, K., and Kesinger, E. A. (2008). Sleep
preferentially enhances memory for emotional components of scenes. Psychol.
Sci. 19, 781–788. doi: 10.1111/j.1467-9280.2008.02157.x
Perogamvros, L., Dang-Vu, T. T., Desseilles, M., and Schwartz, S. (2013).
Sleep and dreaming are for important matters. Front. Psychol. 4:474. doi:
10.3389/fpsyg.2013.00474
Plihal, W., and Born, J. (1997). Eﬀects of early and late nocturnal sleep on
declarative and procedural memory. J. Cogn. Neurosci. 9, 534–548. doi:
10.1162/jocn.1997.9.4.534
Punamäki, R.-L. (2007). “Trauma and dreaming: trauma impact on dream recall,
content and patterns, and the mental health function of dreams,” in The New
Science of Dreaming: Volume 2. Content, Recall, and Personality Correlates, eds
D. Barrett and P. McNamara (Westport, CT: Praeger Publishers/Greenwood
Publishing Group), 211–251.
Revonsuo, A. (2000). The re-interpretation of dreams: an evolutionary
account of the function of dreaming. Behav. Brain Sci. 23, 877–901. doi:
10.1017/S0140525X00004015
Revonsuo, A., and Salmivalli, C. (1995). A content analysis of bizarre elements in
dreams. Dreaming 5, 169–187. doi: 10.1037/h0094433
Revonsuo, A., and Tarkko, K. (2002). Binding in dreams: the bizarreness of dream
images and the unity of consciousness. J. Conscious. Stud. 9, 3–24.
Ritchie, T. D., Batteson, T. J., Bohn, A., Crawford, M. T., Ferguson,
G. V., Schrauf, R. W., et al. (2014). A pancultural perspective on the
fading aﬀect bias in autobiographical memory. Memory 23, 278–290. doi:
10.1080/09658211.2014.884138
Ritchie, T. D., and Skowronski, J. J. (2008). Perceived change in the aﬀect associated
with dreams: the fading aﬀect bias and its moderators.Dreaming 18, 27–43. doi:
10.1037/1053-0797.18.1.27
Schredl, M. (2006). Factors aﬀecting the continuity betweenwaking and dreaming:
emotional intensity and emotional tone of the waking-life event. Sleep Hypn.
8, 1–5.
Schredl, M., and Doll, E. (1998). Emotions in diary dreams. Conscious. Cogn. 7,
634–646. doi: 10.1006/ccog.1998.0356
Frontiers in Psychology | www.frontiersin.org 18 August 2015 | Volume 6 | Article 1132
Malinowski and Horton Emotion assimilation in sleep and dreaming
Schreuder, B. J. N., Kleijn, W. C., and Rooijman, H. G. M. (2000). Nocturnal
re-experiencing more than forty years after war trauma. J. Trauma Stress 13,
453–463. doi: 10.1023/A:1007733324351
Schreuder, B. J. N., van Egmond, M., Kleijn, W. C., and Visser, A. T. (1998). Daily
reports of posttraumatic nightmares and anxiety dreams in dutch war victims.
J. Anxiety Disord. 12, 511–524. doi: 10.1016/S0887-6185(98)00032-2
Sikka, P., Valli, K., Virta., T., and Revonsuo, A. (2014). I know how you felt last
night, or do I? Self- and external ratings of emotions in REM sleep dreams.
Conscious. Cogn. 25, 51–66. doi: 10.1016/j.concog.2014.01.011
Snyder, F. (1970). “The phenomenology of dreaming,” in The Psychodynamic
Implications of the Physiological Studies on Dreams, eds L. Madow and L. Snow
(Springﬁeld, IL: Charles C. Thomas Publisher), 124–151.
Solms, M. (2000). Dreaming and REM sleep are controlled by diﬀerent brain
mechanisms. Behav. Brain Sci. 23, 793–1121. doi: 10.1017/S0140525X00003988
Stickgold, R., Hobson, J. A., Fosse, R., and Fosse, R. (2001). Sleep, learning,
and dreams: oﬀ-line memory processing. Science 294, 1052–1057. doi:
10.1126/science.1063530
Stickgold, R., Scott, L., Rittenhouse, C., and Hobson, J. A. (1999). Sleep-
induced changes in associative memory. J. Cogn. Neurosci. 11, 182–193. doi:
10.1162/089892999563319
Stickgold, R., and Walker, M. P. (2004). To sleep, perhaps to gain creative insight?
Trends Cogn. Sci. 8, 191–192. doi: 10.1016/j.tics.2004.03.003
Stickgold, R., and Walker, M. P. (2013). Sleep-dependent memory triage: evolving
generalization through selective processing. Nat. Neurosci. 16, 139–145. doi:
10.1038/nn.3303
St-Onge, M., Lortie-Lussier, M., Mercier, P., Grenier, J., and De Koninck, J. (2005).
Emotions in the diary and REM dreams of young and late adulthood women
and their relation to life satisfaction. Dreaming 15, 116–128. doi: 10.1037/1053-
0797.15.2.116
Strauch, I., and Meier, B. (1996). In Search of Dreams: Results of Experimental
Dream Research. Albany, NY: State University of New York Press.
Tourangeau, R., and Rips, L. (1991). Interpreting and evaluating metaphors.
J. Mem. Lang. 30, 452–472. doi: 10.1016/0749-596X(91)90016-D
Tourangeau, R., and Sternberg, R. J. (1982). Understanding and appreciating
metaphors. Cognition 11, 203–244. doi: 10.1016/0010-0277(82)90016-6
Valli, K., Revonsuo, A., Pälkäsc, O., Ismaild, K. H., Alid, K. J., and Punamäkie, R.
(2005). The threat simulation theory of the evolutionary function of dreaming:
evidence from dreams of traumatized children. Conscious. Cogn. 14, 188–218.
doi: 10.1016/S1053-8100(03)00019-9
Vandekerckhove, M., and Cluydts, R. (2010). The emotional brain and
sleep: an intimate relationship. Sleep Med. Rev. 14, 219–226. doi:
10.1016/j.smrv.2010.01.002
van der Helm, E., and Walker, M. P. (2012). Sleep and aﬀective brain
regulation. Soc. Personal. Psychol. Compass 6, 773–791. doi: 10.1111/j.1751-
9004.2012.00464.x
van Rijn, E., Eichenlaub, J. B., Lewis, P. A., Walker, M. P., Gaskell, M. G.,
Malinowski, J. E., et al. (2015). The dream-lag eﬀect: Selective processing
of personally signiﬁcant events during rapid eye movement sleep, but
not during slow wave sleep. Neurobiol. Learn. Mem. 6, 773–791. doi:
10.1016/j.nlm.2015.01.009
Vogel, G. W., Thurmond, A., Gibbons, P., Sloan, K., and Walker, M. (1975).
REM sleep reduction eﬀects on depression symptoms. Arch. Gen. Psychiatry 32,
765–777. doi: 10.1001/archpsyc.1975.01760240093007
Wagner, U., Gais, S., Halder, H., Verleger, R., and Born, J. (2004). Sleep inspires
insight. Nature 427, 352–355. doi: 10.1038/nature02223
Walker, M. P. (2005). A reﬁned model of sleep and the time course of
memory formation. Behav. Brain Sci. 28, 51–104. doi: 10.1017/S0140525X0
5000026
Walker, M. P. (2009). The role of sleep in cognition and emotion. Ann. N. Y. Acad.
Sci. 1156, 168–197. doi: 10.1111/j.1749-6632.2009.04416.x
Walker, M. P., Liston, C., Hobson, J. A., and Stickgold, R. (2002). Cognitive
ﬂexibility across the sleep–wake cycle: REM-sleep enhancement of anagram
problem solving. Cogn. Brain Res. 14, 317–324. doi: 10.1016/S0926-
6410(02)00134-9
Walker, M. P., and Stickgold, R. (2010). Overnight alchemy: sleep-dependent
memory evolution. Nat. Rev. Neurosci. 11, 1–5. doi: 10.1038/nrn2762-c1
Walker, M. P., and van der Helm, E. (2009). Overnight therapy? The role of
sleep in emotional brain processing. Psychol. Bull. 135, 731–748. doi: 10.1037/
a0016570
Walker,W. R., and Skowronski, J. J. (2009). The fading aﬀect bias: but what the hell
is it for? Appl. Cogn. Psychol. 23, 1122–1136. doi: 10.1002/acp.1614
Wamsley, E. (2013).Dreaming, waking conscious experience, and the resting brain:
report of subjective experience as a tool in the cognitive neurosciences. Front.
Psychol. 4:637. doi: 10.3389/fpsyg.2013.00637
Wamsley, E. J. (2014). Dreaming and oﬄine memory consolidation. Curr. Neurol.
Neurosci. Rep. 14, 433. doi: 10.1007/s11910-013-0433-5
Wamsley, E. J., Hirota, Y., Tucker, M. A., Smith, M, R., and Antrobus, J. S. (2007).
Circadian and ultradian inﬂuences on dreaming: a dual rhythm model. Brain
Res. Bull. 71, 347–354. doi: 10.1016/j.brainresbull.2006.09.021
Wamsley, E. J., and Stickgold, R. (2011). Memory, sleep and dreaming:
experiencing consolidation. Sleep Med. Clin. 6, 97–108. doi:
10.1016/j.jsmc.2010.12.008
Wamsley, E. J., Tucker, M., Payne, J. D., Benavides, J. A., and Stickgold, R. (2010).
Dreaming of a learning task is associated with enhanced sleep-dependent
memory consolidation. Curr. Biol. 20, 850–855. doi: 10.1016/j.cub.2010.
03.027
White, G. (2014). “Content analysis of counterfactual thinking in dreams,” in
Proceedings of the International Association for the Study of Dreams Conference,
Berkeley, CA.
Wilmer, H. A. (1996). “The healing nightmare: war dreams of Vietnam veterans,”
in Trauma and Dreams, ed. D. Barrett (Cambridge, MA: Harvard University
Press), 85–99.
Windt, J. M. (2013). Reporting dream experience: why (not) to be skeptical
about dream reports. Front. Hum. Neurosci. 7:708. doi: 10.3389/fnhum.2013.
00708
Wright, J., and Koulack, D. (1987). Dream and contemporary stress: a disruption–
avoidance–adaptation model. Sleep 10, 172–179.
Zadra, A. (1996). “Recurrent dreams: their relation to life events,” in Trauma and
Dreams, ed. D. Barrett (Cambridge, MA: Harvard University Press), 231–247.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or ﬁnancial relationships that could
be construed as a potential conﬂict of interest.
Copyright © 2015 Malinowski and Horton. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 19 August 2015 | Volume 6 | Article 1132
